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UREA CLEARANCE AND DIURESIS IN MAN 

Bv RAFAEL DOMINGUEZ and ELIZABETH POMERENE 
iFrctr. the DrAsioi of Ijslwratorics, Defartmcnt of Pathology, St. Lube’s Hospital, Cleveland) 

(Received for publication May 18, 1942) 


The ratio of the rale of excretion of urea to the 
concentration of urea in the plasma, that is, the 
urea clearance, has been known for many }-cars to 
increase with the flow of urine (1). Tiic quan- 
tativc relation between the urea clearance and urine 
flow has been represented by numerous equations, 
each adequate for restricted ranges of urine flow. 
The most common of these equations, in this coun- 
tiy, at least, have been summarized in Table I. 

However, there is no justification for these 
multiple equations, except, perhaps, their sim- 
plicity and the ease with which their constants 
can be computed. Actually, when the clearances 
are plotted on a diagram, the trend indicated by the 
points follows a continuous curve, without angles 
or kinks. Therefore the relation between the 
clearance and urine flov.- should be represented, 
mathematically, by a continuous function of the 
urine flow, with a continuously turning tangent 
from the beginning to the end. The curve of the 
clearances resulting from the equations given in 
Table I does not have this property, since the 
slope of the curve at the end of one restricted 
range of diuresis is not equal to the slope of the 
curve at the beginning of the next. Thus, in pass- 
ing from the first straight line (Equation 1, Table 
I) to the square root curve (Equation 2, Table I), 
the . slcpcx changes abruptly at v = 0.35 cc. per 
minute, just as it changes also abruptly at v=2 
in passing from the square root cuiye (Equation 2, 


Table I) to the other segment of straight line 
(Equation 3, Table I). Besides, since the con- 
stants given by these equations do not all have the 
dimensions of a clearance, it is confusing to call 
them clearances. And if, in order to overcome 
this difficult)', the first constant is ignored and the 
remaining two are interpreted as ordinates at se- 
lected urine flows, this method transforms the 
whole curv’e into two discontinuous clusters of 
points, one at 1 cc. per minute, the other at 2 cc. 
per minute. 

To these difficulties we may add that Equations 
2 and 3 break down altogether in some forms of 
renal disease — nitrogen retention phase of pros- 
tatic obstruction (4) — and in other cases that we 
shall present here. It is not profitable to increase 
the number of equations to suit every new case. 

This paper will deal with an analysis of the 
data on the excretion of urea in 4 subjects, 1 
normal and 3 nephrosclerotics, data which cover 
a wide range of excretory function. From this 
analysis, we shall develop an equation that over- 
comes the inherent defects in multiple representa- 
tions. With the help of this equation, we shall be 
able to follow the changes in the clearance curve 
in renal disease, and to discuss the concentration 
ratio of urea. 

After presenting the data, we shall therefore 
consider, specifically, (1) the representation of 
the data on urea clearance, at all urine flows, by 


TABLE I 

Equations representing the urea clearance at various ranges of diuresis 


Range of urine flow 

Equation 

Desisnation of constant 

Dimensions of constant 

Geometrical interpretation of constant 

per minute 






0 < V < 0.35 

1 . 

C = pv 

p, minimal clearance (2) 

pure number 

Slope in (C, v) coordinates 

0.35 < V < 2.00 

2. 

C = sVv 

s, standard clearance (3) 

square root of flow 

Slope in (C, Vv) coordinates or 
ordinate at v = 1 in either (C, v) 
or (C, Vv) coordinates 

2.00 < V 

3. 

C = m 

m, maximum clearance (3) 

flow 

Ordinate at any v > 2.00 in either 
(C, v) or (C, Vv) coordinates 


In this table, C represents the clearance and v represents urine flow. Both C and v have the dimensions of flow. 
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a single equation; (2) the rejection of the con- 
cept of a maximum clearance; (5) the changes in 
the constants of the single equation in renal dis- 
ease; (4) an objection to the current method of 
expressing the clearance of a renal patient in per 
cent of a normal clearance ; (5) the concentration 
ratio of urea, its continuous dependence on urine 
flow, and its equivalence to the clearance at all 
urine flows; (d) the value of the limiting concen- 
tration ratio, as the urine flow approaches zero, 
in estimates of renal function; (7) the fallacy of 
comparing the specific gravity of the urine at small 
urine flows with the urea clearance at any urine 
flow; and (5) certain a priori considerations that 
suggest wlty the clearance of urea and the clear- 
ance of other substances should rise with increas- 
ing urine flows. 

EXPERIMENTAL DATA 

The cases can be briefly summarized as follows: Case 1, 
a 26-year-oId, white woman with normal renal function; 
Case 2, a 38-ycar-old, white woman with advanced 
nephrosclerosis, who died shortly after the experiment; 
Case 3, a 45-year-old, white woman with hypertension, 
in whom a renal dener\’ation was done according to the 
technique of Peet (5) ; and Case 4, a 44-ycar-old, white 
man with progressive nephrosclerosis, in whom a bilateral 
perivascular sympathectomy of the renal pedicle was done. 
Cases 3 and 4 are part of a separate investigation of the 
renal excretory function of hypertensive subjects, both 
before and after renal denervation. The complete data 
of these cases will be presented in another publication. 
For this paper, we have selected, in Case 3, two experi- 
ments, 1 and 2 years, respectively, after dencr\'ation, and 
in Case 4, one experiment, 21 months after denervation.^ 

The data were obtained in the course of experiments 
in which not only the excretion of urea, but also the ex- 
cretion of exogenous creatinine, and, in one case, the 
excretion of xylose, were investigated. In this paper, 
only the data on urea excretion will be presented. 

The rate of excretion of urea and the plasma concen- 
tration of urea were followed in each experiment for 8 
to 10 consecutive hours. The blood samples and the 
urine were obtained at intervals of about 1 hour each, 
but when diuresis was large the interval of urine collec- 
tion was naturally shortened. The urea was analyzed 
by the aeration method of Van Slyke and Cullen (6). 

In order to save space, the data are presented graph- 

1 The surgical operation of Case 3 was performed by 
Dr. Spencer Braden, Visitant Surgeon in charge of Neuro- 
surgery at St. Luke’s Hospital, and that of Case 4 by 
Dr. Carl H. Lenhart, Professor of Surgery of the School 
of Medicine, Western Reserve University, then Director 
of the Surgical Division of St. Luke’s Hospital. 


ically in higurcs 1 and 2, where the cases arc identified 
by means of subscripts. The urea nitrogen concentration 
of tlic urine (u) and the urea nitrogen concentration in 
the plasma (x) were calculated in mgm. per cc. of 
urine and plasma, respectively. The urine flow, or diu- 
resis, (v) is given in cc. per minute. The rate of cxcre- 
tlon (y) is obtained by multiplying n and v. The mean 
rate of excretion (y), in mgm. per minute, is assumed to 
occur at the middle of the interval of urine collection. 
The plasma concentration corresponding to the middle 
of this interval (x) is obtained by graphic linear inter- 
polation in a diagram in which the plasma concentration- 
is plotted against the time. With these symbols, the urea 
clearance fC) is given by the ratio y/x in cc. per minute. 

As can he seen in Figures 1 and 2, the trend in the 
clearance in all the 4 cases is always upward, before as 
well as after a urine flow of 2 cc. per minute, the so- 
c.allcd augmentation limit of Mdllcr, McIntosh and Van 
Slyke (3). The initial rise is quite steep in Cases 1 and 
3, low in Case 4, and very low in Case 2. . At no point 
is the clearance (the mean clearance) independent of 
diuresis, so that the clearance at a given time cannot be 
completely defined unless the urine flow at that time is 
also specified. 

.SINGLE EQUATION 

An equation prcviou.sly proposed (7) 

C = A(1 — Equation 4 

in which A and k are constants and e is the base 
of the natural logarithms, has been shown to fit, 
at ordinary diuresis, a large set of data (3, 8) bet- 
ter than Equation 2, Table I. 

At very low diuresis, it reduces to 

C = Ak-v, Equation 5 

as can be seen by expanding the right hand side 
of Equation 4 in powers of v and retaining only 
the terms to the first power. Equation 4 contains 
the 3 equations of Table I, as has been recognized 
by Van Slyke (9). In point of history, it antici- 
pated the experimental data of Chesley (2). But 
Equation 4, developed as it was for data in which 
the clearance could be assumed constant at a diu- 
resis beyond 2 cc. per minute, will not satisfy our 
present data. 

However, if we add to it a linear term in diu- 
resis, bv, thus, 

- C = A(1 — + bv. Equation 6 

we will get an expression that, at large diuresis, 
becomes asymptotically equal to the straight line, 

C = A -f bv. Equation 7 
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Fig. 2. Urea Clearance (C) of 2 Nerurosclerotics, One (Cj) After Splanch- 

NICECTOMY and ANOTHER (C.) AfTER DeNEUVATION OF THE ReNAL PedICLES 
The cun’c Cj represents the mean curs’c for all the data (51 observations) on this 
subject. The mean position of the points shown is somewhat higher than the mean 
cun'c Cj. The erratic point at v = 4,7 cc. per minute corresponds to a period of 
sudden increase in urine flow after a long interval of decreasing urine flows. In this 
subject, a 34 per cent variation of the mean value of A, 40.2, lias to be allowed in order 
to include 90 per cent of the observations. 


The mean values of the constants A, k, b, and 
the standard error of b, are; Case 1, A = 53,4, 
k = 2.69, b = 2,07 (standard error 0.548); Case 
2, A — 3.83, k=:0.64, b = 3.79 (standard error 
0.586); Case 3, A = 40.2, k = 1.45, b = 2.19 
(standard error 0.432); and Case 4, A = 9.8, 
k=1.12, b = 1.35 (standard error 0.435). By 
comparing b with its standard error, and by taking 
into consideration the number of observations, it 
will be seen that the slope b is in each instance 
significantly different from zero. 

This result in the normal subject. Case 1, is con- 
trary to the experimental evidence of Mdller, Mc- 
Intosh and Van Slyke (3) in 6 normal subjects, 
but is in agreement with the experimental data 
of Chasis and Smith (10) in 9 normal subjects, 
although Chasis and Smith interpreted their results 
differently .= Our results in nephrosclerosis, Cases 

2 Chasis and Smith describe the urea clearances illus- 
trated by them as follows [(10) page 350]: “Inspection 
of the absolute urea clearance, as portrayed in Figures 
1 and 2, shows that there is a progressive increase in the 
urea clearance as the urine flow increases from low to 


Z, 3, and 4, and the results of Hayman, Longley 
and Bobey (4) in prostatic obstruction, together 
with the results in our normal subject and with the 
interpretation we give to the data of Chasis and 
Smith in normal subjects, show that the concept of 
a maximum clearance does not have the generality 
that we have been so far led to believe. 

The trend and scatter of the points in out-es*^ 
require a few comments. In Case 1, the scatter 
of the points is quite large, but at flows larger than 
2 cc. per minute the points seem tp lie within a 

high value.” These authors did not determine the mean 
slope of the linear part of their data, but by means of a 
stretched thread we estimate these slopes to be 1.14 for 
their Figure 1 and l.S for their Figure 2. Seeing that the 
scatter of their points is less than in our normal subject, 
Case 1, and that the range of urine flows is larger, we 
hazard the suggestion that, had their data been subjected 
to statistical treatment, the slope of their data at large 
diuresis would have proved significantly different from 
zero. That Chasis and Smith, however, did not believe 
this to be the case, is evident from their statement [(10) 
page 357] ; “Inspection of Figures 1 and 2 shows that our 
data conform roughly to the ‘standard’ and ‘maximum’ 
clearance concept of Moller, McIntosh and Van Slyke.” 
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7.onc bounded by parallel lines, as if most of the 
variation could be c!iarp;cd to A rather than to b. 
By addini' to A, diz 15 per cent of its mean value, 
53.4, we pet the two lines shown, inclosing 91 
per cent of the points (Figure 1). 

In Case 2, the trend of the observations is well 
represented by the curve C;, Figure 1. Although 
the absolute variation is smaller than in Case J, the 
relative variation is larger. In fact, in order to 
inclose practically all the data, it was found ncces- 
sarA' to vaiy C; by 24 per cent. But, since A and 
b have about the same numerical magnitude, we 
cannot lay all the variation on A. 

In Case 3 the scatter of the data is very great. 
Although a detailed account of the data on this 
case will be published later, it may now be said 
that the curve C. represents the mean curr’e fitting 
all the data in this subject. A variation of 34 per 
cent of the mean toIuc of A, 40.2, is nccessarj’ to 
inclose 90 per cent of the observations. The large 
diurcscs recorded were neither induced nor con- 
trolled by the conditions of the experiments. Had 
we controlled diuresis, as Ciiasis and Smith did 
(10), we would very likely have lessened this scat- 
ter. The erratic point at v = 4.7 corresponds to 
a sudden increase in diuresis interrupting a rather 
long interval of slowly decreasing diuresis. 

In Case 4 the scatter is least. Yet, the constant 
b in this case, 1.35, is the least well determined, 
partly because of its small magnitude, partly be- 
cause of the small number of observations. 

It may be of interest to notice that the persistent 
effect of urine flow on the clearance occurs in both 
thjUDormal kidney {Case 1) and the arteriosclerotic 
kidney {Cases 2, 2 and 4), and in the latter not 
onl}'' when the nerve supply of the organ is intact 
{Case 2), but also when it has been severed {Cases 
3 and 4). 

EFFECT OF RENAL DISEASE ON THE CONSTANTS 

Comparison of the constants in these cases 
shows that in renal disease the constants A, k, and 
b, are not affected to the same extent. For in- 
stance, Aj is only about 7 per cent of Aj, kj about 
24 per cent of kj, and actually larger than bi. 
This unequal effect of disease on the constants is 
of considerable practical significance. To be sure, 
the constant A may diminish in all types of renal 
disease, as is generally known, but k also may 


diminish, and, when k does diminish, the shape of 
the curve is no longer similar, in the mathematical 
sense, to its former shape, irrespective of any 
change in b. After careful examination of the 
"atypical clearances” in prostatic obstruction, illus- 
trated by Hayman, Longley and Bobey (4), we 
believe that all of them could be shown to be par- 
ticular examples of Equation 6, on a par with the 
clearances of our nephrosclerotics. 

The extreme case of a clearance rising linearly 
with urine flow can be arrived at theoretically in 
the following way. If the kidney loses all power 
to concentrate urea and yet excretes urine, the rate 
of excretion of urea, y, would be 

y = vu = vx, 
or, since C = y/x, 

C = v. 

In other words, the smallest clearance compatible 
with a urine flow greater than zero is that in which 
the clearance is equal to the urine flow itself, and 
obviously it could not be less than this, except in 
anuria. This extreme clearance, which is repre- 
sented by a straight line with slope 1, can be ob- 
tained directly from Equation 6 by making either 
A or k equal to zero, and b equal to 1. 

CRITICISM OF PER CENT COMPARISON OF 
UREA CLEARANCES 

By writing out the ratio of two clearances, using 
for each the form given by Equation 6, we can 
see that no two clearances can be proportional to 
each other unless the constant k of one is equal to 
the constant k of the other, and unless b changes 
proportionately with A in one of them or is equal 
to zero in both. But, we have just shown that in 
renal disease k changes, and b is neither equal to 
zero nor does it decrease proportionately to A; 
consequently, the practice of expressing a patient’s 
clearance in per cent of a normal clearance is, in 
general, not justified. For example, the ratio of 
the clearances (Cj/Q) at diuresis of 1, 2, 3, and 
4 cc. per minute is, respectively, 0.108, 0.181, 0.246, 
and 0.303. We cannot conclude from this that the 
clearance of Case 2 lies somewhere between 11 
and 30 per cent of that of Case 1, because this 
conclusion would be at once vague and misleading. 
If we say that the clearance of Case 2 is 11 per 
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cent of the nonnal at ordinary diuresis, we ignore 
the effect of large diuresis. If, on the other hand, 
we conclude that, at a diuresis of 4 cc. per minute, 
Case 2 will i-each a clearance as large as one-third 
that of the normal, we will shift the emphasis from 
the impairment of the kidney to the possible bene- 
ficial effect of large diuresis. 

We must look for another w.ay to compare the 
degree of renal impairment. The one tliat pre- 
sents itself is the limiting concentration ratio of 
urea, a constant independent of urine flow, as will 
be shown shortly. 


CONCENTRATION RATIO OF UREA 

The concentration ratio is the ratio of the con- 
centration in the urine, u, to the concentration in 
the blood plasma, x. Since the rate of excretion 
of urea, y, is determined by multiplying v, the 
urine flow, by u, the urea concentration in the 
urine, the equation of the concentration ratio can 
be obtained from that of the clearance by dividing 
both members of the latter equation by the urine 
flow. In general, therefore, if the clearance is 
represented by any given function of diuresis, 
C — f(v), it follows necessarily that 

u__u v_y 1_C_ f(v) ^ 
x^x v~x v~v*~ V 

Conversely, if the concentration ratio R is known, 
let us say, R = ^(v), then 


y _ u ♦ V 

X ~ X 


V • R = V • ^(v). 


In particular, it follows from Equation 6 that the 
equation of the concentration ratio is 


u ^ A(1 - e-'^:),+,by . p 

X V 


Equations 6 and 9 are entirely equivalent and 
interchangeable. The concentration ratio corre- 
sponding to zero diuresis can be determined by 
calculating the limit reached by the right hand 
side of Equation 9 as diuresis approaches zero. 
This limit, ( Ak -f- b) , is numerically equal to the 
initial slope of the clearance curve (Equation 8). 
To the zero clearance there corresponds, there- 
fore, the limiting concentration ratio (Ak-f-b). 
The correspondence between the concentration 


ratio and the clearance is complete at all diurcscs.*' 
The behavior of the concentration ratio can be 
followed in Figure 3. The points were obtained 
from the original data of Cases 1, 2, 3 and 4, while 
the curves arc the result of sub.stituting in Equa- 
tion 9 the already fitted clearances Cj, C.., C-, and 
C,. 

LIMITING CONCENTRATION RATIO 

Each curve in Figure 3 begins at a definite point, 
the point we have called the limiting concentration 
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Fig. 3. Concentration Ratio of Urea, R, in a Nor- 
mal Individual, Case 1, and in 3 Nephrosclerotics, 
Cases Z, 3 and 4. 

The cases are identified by the subscripts of R. The 
curves begin at the value Ak -1- b, the limiting concentra- 
tion ratio at V = 0. The large divergence of the curves 
at V == 0 and their closeness at large diuresis should be 
noticed. In Case 2 the concentration ratio, Rj, is almost 
constant within the range of diureses observed. 

8 Up to the present time, the correspondence between 
these two entities has been considered only at urine flows 
in the neighborhood of 1 cc. per minute, at which flows 
the concentration ratio is about equal numerically to the 
clearance (11 to 13). 
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rnlio of urea (7).‘ From this limit on, the con- 
centration ratio lowers quite rapidly in Case 1, 
reaching, at v==]0, a value about 5 per cent of 
its initial value. In Case 3, the concentration 
ratio begins at 60,5 and at v=10, has become 
equal to 6.2, 10.3 per cent of its initial value. In 
Case 4, the concentration ratio is initially 12.5, and 
at v=I0, has become 2.5, 20 per cent of the 
former. In Case 2, the concentration ratio begins 
at a very low level, 6.2, and, if allowed to c-xtrapo- 
latc to v= 10. it will become equal to 4.2, 67 per 
cent of its initial level. At v = 0, the concentra- 
tion ratio of Case 1 is 2.4 times that of Case 3, 11.7 
times that of Case 4, and 23.4 times that of Case 
2; at v = l. the concentration ratio of Case 1 is, 
in the s.ime order, 1.6, 6.6, and 9.3 times that of 
the others; and at v= 10, it is, in the same order, 
1.2, 3.0, and 1.8 times that of the others. The 
really discriminating part of the cun-cs is there- 
fore the part that corresponds to small diuresis, 
and the smaller the diuresis the better. 

This conclusion is quite contrarj’ to the opinion 
of Oiasis and Smith (10), who think it advisable 
to maintain the urine flow above 1 .5 cc. per minute 
when utilizing the excretion of urea as an index 
of renal function, “since at flows below that level 
complicating factors (dehydration, lowered filtra- 
tion rate, etc.) may vitiate any empirical mathe- 
matical correction.” It is not clear in the paper 
of Chasis and Smith what part is played by “de- 
hydration, lowered filtration rate, etc,” on the ef- 
fect which a diuresis less than 1.5 cc. per minute 
has on the clearance, or what difference, if any, 
exists between the effect of these factors in renal 
disease and in health. Yet, in so far as a com- 
parison between the normal and the abnormal 


* It should be noticed that Equation 2, Table I, does not 
lead to a definite limit for the concentration ratio (7), 
while Equation 1, Table I, leads to the constant u/x = p, 
that is, a constant concentration ratio at all diureses below 
0.35 cc. per minute. This constancy means, graphically, 
that the curve of the concentration ratio, growing higher 
and higher as diuresis diminishes, will bend suddenly at 
V = 0.35 cc. per minute, and, at smaller diuresM, will 
become parallel to the axis of diuresis. This unlikely 
result shows that the limiting concentration ratio arrived 
at by fitting a straight line to the clearance at small 
diuresis does not give a close approximation to this limit. 
A closer value may be found by linear extrapolation from 
the concentration ratios at low diuresis, as can be seen 
in Figure 3. 


states of renal function is concerned, it would 
seem immaterial which the effects of the factors 
mentioned by Chasis and Smith might be. If they 
have the same effect on both the normal and the 
abnormal clearances, the effect will pass unde- 
tected, and if they have a different effect, why not 
make use of it to differentiate further the t^vo 
cases? Besides, the curves shown in Figures 1, 
2, and 3 are so smooth that no source of trouble 
appears critically at 1.5 cc. per minute or at any 
other diuresis. 

While we do not find any good reason for re- 
stricting our observations to urine flows greater 
than 1.5 cc. per minute, a glance at Figure 3 will 
show that such restriction in diuresis will leave 
unused one-half or more of the available scale 
of the concentration ratio. 

Consequently, in order to utilize to the fullest 
extent the information afforded by the great con- 
centrating power of the normal kidney, the urea 
excretion in renal disease should be compared ■with 
the normal at the smallest possible diuresis. For 
example, the limiting concentration ratio in Case 
1 is 145.7, in Case 2 is 6.2. In other words, the 
damage to the kidneys of this nephrosclerotic 
w'onlan is such that their power to concentrate 
urea has been reduced to only four-hundredths of 
that of our normal subject. This statement should 
be contrasted with the per cent comparison made 
earlier in the paper between the clearances of Case 
1 and Case 2. According to this comparison, the 
clearance of Case 2 is, at 1 cc. per minute, 11 per 
cent of that of Case 1, and, at 4 cc. per minute, 30 
per cent. In -view of the almost total loss of the 
power of the kidneys of Case 2 to concentrate, 
urea, the inadequacy of the information given 
by the clearance at 4 cc. per minute should be 
apparent. 

We feel justified in suggesting the limiting con- 
centration ratio as a most sensitive index of urea 
excretion. 

BEARING OF THE CONCENTRATION RATIO ON 
CONCENTRATION TESTS 

The foregoing considerations have their counter- 
part in the concentration tests of renal function. 
The low and fixed values of the specific gra-vity of 
the urine correspond to the lowering and the small 
variation of the concentration ratio. Indeed, a 
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close correlation between these tests has been veri- 
fied in both moderate and pronounced impairment 
of renal function (14), but, according to several 
reports (14, 15), the correlation is not strong 
when the impairment is slight. Because this ques- 
tion has considerable practical importance, we have 
started a reinvestigation of it. Even though this 
investigation is not finished, we are prepared to 
make a few preliminary remarks. 

At present, the majorit}^ of the usual concentra- 
tion tests determine the .specific gravity of the 
urine at the smallest possible diuresis, while the 
clearance is determined at any diuresis, large or 
small, but rarcl}’^ at the smallest possible diuresis. 
In addition, if diuresis is less than 2 cc. per minute, 
the usual practice consists in referring the clear- 
ances to the value they would have at 1 cc. per 
minute, by a formula derived from Equation 2, 
Table I. 

Since the specific gravity of the urine depends 
on diuresis, and since both the clearance and the 
concentration ratio of urea depend also on diuresis, 
it does not seem quite correct to compare the spe- 
cific gravity at a diuresis of, say, 0.2 cc. per minute, 
with the concentration ratio — or its equivalent, the 
clearance — at 1 cc. per minute, or at larger diu- 
reses. When this situation is looked at from the 
standpoint of the concentration ratio, it appears 
almost self-evident that in order to make a satis- 
factory comparison both tests should be carried 
out at the same diuresis. 

POSITIVE SLOPE OF THE CLEARANCE AT 
LARGE DIURESIS 

The examination of the concentration ratio at 
large urine flow may give us some insight into the 
significance of the constant b. Figure 3 shows 
that, at large urine flow, the curves become close to 
one another, and it suggests that, if the urine flow 
can be made sufficiently large, the curves will 
become indistinguishable. According to the maxi- 
mum clearance concept, the concentration ratio 
could become, at some large value of diuresis, not 
only equal to, but even less than 1. According to 
the new formulation (Equation 6), the concentra- 
tion ratio becomes, at large diuresis, 

u A -k bv 

X 


a!id this expression approaches the value b as diu- 
resis becomes larger and larger. Since the con- 
centration of urea in the urine should be, at the 
least, equal to that in the blood, we conclude that 
b could not be zero and should not be less than 1. 
In all the examples given in this paper, b is larger 
than 1 . In Section 3, we have presented a theo- 
retical argument showing that the urea clearance 
of a Icidney which docs not concentrate urea should 
rise linearly with diuresis, with a slope not less 
than 1. In the examples of Chasis and Smith 
(10), cited here in Footnote 2, b is larger than 
1. In the diagrams of Shannon (16), the slope 
of the linear part of the urea clearance of the dog 
is also larger than 1. 

It may not be without interest to notice that the 
data of Chasis and Smith (10) on the excretion of 
inulin in man, and those of Shannon (16) on the 
excretion of creatinine in the dog, show likewise 
an upward trend in the clearance of these sub- 
stances as diuresis increases. This evidence sug- 
gests that the inference we have drawn from the 
behavior of the concentration ratio of urea at 
large diuresis may be generalized to other sub- 
stances excreted in the urine.® 

SUMMARY 

The urea clearance in man rises continuously 
with diuresis at all diureses, both in health and in 

''Shannon (16), and Chasis and Smith (10), although 
acknowledging the variation of the creatinine and inulin 
clearances with urine flow, have attempted to explmn awai^^ 
this variation, by such considerations as hydration, de- 
hydration, etc. These authors determined neither the 
slope of the linear part of their clearances nor the stand- 
ard error of the slope. Had Shannon computed this 
standard error he would have been enabled to estimate 
the significance of the slope, and to conclude whether the 
slope of the creatinine clearance in the dog is significantly 
different from zero or not. However, Shannon states 
(16) that the creatinine clearance is essentially constant 
between 0.5 and 4 cc. per minute, and brings in support 
of this statement the fact that the largest increase in the 
clearance, in per cent of the clearance at 0.5 cc. per min- 
ute, is very small in comparison with the per cent increase 
in the urine flow. This method of comparison, which 
amounts to making the significance of the slope b in a 
regression equation of the form y = a -}- bx- dependent 
on the value of a, is incorrect. The significance of the 
slope b does not depend on a. In fact, the formula of 
the standard error of b does not contain the term a (17). 


V 
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renal disease. Tliis cfTcct of diure.sis occurs in 
ncplirosclcrcsis, both with intact renal inncr\'ation 
.and after dencreation. 

The relation between the clearance and diuresis 
is adcqtialcly repre.'^ented by the equation 

C - A(1 - c-^') + bv, 

in which C stands for the clearance, v for diuresis, 
A, k, and b arc constants, and c is the base of the 
natural logarithms. Tliis equation has been fitted 
to the data of I normal subject and of 3 patients 
with nephrosclerosis. 

The equation contains as a particular case the 
approximate proportionality of the normal clear- 
ance to diuresis when tlic latter is less than 0.35 
cc. per minute. At diurcscs between 0.35 and 2 
cc. per minute, the equation represents the normal 
clearance better than the commonlj’’ used square 
root relation. At larger diurcscs, the equation be- 
comes a straight line with slope b. In the 4 ex- 
amples given, the constant b is .shown to be signifi- 
cantly diftcrent from zero. 

The existence of the constant b and the diminu- 
tion in the value of the constant k in renal impair- 
ment explain the cliange in the shape of the clear- 
ance curv'e in renal disease, and render invalid the 
estimation of the abnormal clearance in per cent 
of a normal clearance, when the urine flow is not 
specified. 

It is proved that the concentration ratio of urea 
and the clearance of urea are mutually equivalent 
at all diureses, and that, if the equation of one of 
them is known, the equation of the other is known. 

The limiting concentration ratio, that is, the 
limit approached by the ratio of the urea concen- 
tration in the urine to the urea concentration in 
the plasma as the urine flow approaches zero, is 
computed. This limiting value, equal numerically 
to the initial slope of the clearance curve, is recom- 
mended as a most sensitive index of urea excretion. 

By virtue of the correspondence between the 
clearance and the concentration ratio of urea, it 
is shown that, when comparing the concentration 
tests of renal function with the urea clearance, 
both the specific gravity of the urine and the clear- 
ance — or its equivalent, the concentration ratio — 
should be compared at the same urine flows. 

Since the concentration of urea in the urine 
cannot become less than that of the blood, it is 


inferred that the concentration ratio at large diu- 
resis should have the limit 1. Under these condi- 
tions, the urea clearance should have at large diu- 
resis a slope greater than zero, and when both the 
clearance and the urine flow are computed in the 
.same units, the slope should be at least equal to 1. 
This conclusion is borne out by the data presented 
in this paper and by the data of other investigators. 
The suggestion is made that this conclusion also 
applies to the clearance of other substances, such 
as inulin and creatinine. 

We wish to acknowledge our indebtedness to Professor 
Harry Goldblatt, School of Medicine, and Professor 
Charles Rchor, Cleveland College, both of Western Re- 
serve University, for their careful revision of the 
manuscript. 
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University of Chicago, Chicago) 

(Received for publication March 31, 1942) 


TIic following investigation was started on the 
assumption that the injection of renin in adequate 
amounts might have a greater effect in dogs with 
experimental renal "ischemia” of the Goldblatt 
type than in nonnal dogs, provided that endoge- 
nous renin were responsible for the experimental 
hj-pertension. Trained, unanesthetized dogs were 
used in order to eliminate the disturbing effects 
of anestiiesia on vasomotor regulation. Constric- 
tion of one or both renal arteries, partial obstruc- 
tion of one ureter, single nephrectomy, and com- 
binations of these procedures were carried out on 
a series of dogs to furnish the background of renal 
abnormality. Homologous and heterologous (pig) 
kidney^ extracts were injected repeatedly into 
normal and rcnally abnormal dogs, in single or 
multiple doses, or as continuous injection by means 
of a pump. For purposes of comparison, renin 
was also injected into a series of uremic dogs and 
a group of anesthetized, renally normal dogs. 
The use of heterologous renin furnished observa- 
“■tions on foreign protein reactions and certain 
pathological changes. 

METHODS 

Preparation of kidney extracts. After removal from 
the animal, the kidneys were placed immediately on car- 
bon dioxide snow and packed in the ice overnight The 
following morning the frozen kidneys were weighed, al- 
lowed to soften, and then ground into a volume of 154 
mM, NaQ, equivalent to 4 times the total weight of the 
kidney tissue. Next, the mixture of ground kidneys and 
saline was placed in quart jars and shaken on a mechani- 
cal shaker for 30 minutes, after which the contents were 
strained through several thicknesses of gauze. The fil- 

^\Ve are deeply indebted to Dr. David Klein, Wilson 
Laboratories, Qiicago, for the pig kidneys used in this 
study and for some of the extracts. 


trates from the separate extractions were mixed in one 
large container for the purpose of obtaining a single solu- 
tion. This solution was placed in 60 cc. centrifuge tubes 
and heated in a 55° C. constant temperature bath for 20 
minutes, the contents being stirred intermittently (1). 
The tubes were removed immediately and centrifuged, 
after which the clear filtrate was decanted (Step 1). 

Two hundred and fiftj' cc. lots of the filtrate were 
placed in “Visking" cellulose sausage casings (size 1% 
in.), and fanned to dryness, which required about 12 
hours. The dried casings with contents were kept in 
vacuum desiccators over H.S 04 until ready for use. The 
dried casings when needed were cut into one inch lengths, 
placed in a large beaker and water added to dissolve the 
dried residue. The casing strips were then squeezed out 
and removed (Step 2). Five-tenths N HCl was added to 
the dark brown solution to a final pH of 42 to 4.3, a 
heavy precipitate separating. After centrifugation, the 
filtrate W'as placed in 50 cc. centrifuge tubes and heated in 
a 55° C. constant temperature bath for 10 minutes, the 
contents being stirred every few minutes. After cen- 
trifugation, the centrifugate was placed in a casing and 
dialyzed against water overnight in the ice room, a heavy 
precipitate separating. The next morning the bag was 
emptied and the mixture centrifuged (Step 3). An equal 
volume of saturated ammonium sulfate was added to the 
clear filtrate. The precipitate was collected by centrifuga- 
tion. If a further purification is required, the ammonium 
sulfate predpitation can be repeated. The final precipi- 
tate was dissolved in water, placed in a casing, and dialyzed 
against Arater overnight. The following morning the cas- 
ing was opened, the contents centrifuged, and the clear, 
nearly colorless filtrate was diluted (Step 4). One cubic 
centimeter of the final solution corresponded to 20 grams 
of kidney. 

Most of the extracts were analyzed for total nitrogen 
by the micro Kjeldahl method (2). 

Measurement of blood pressure. The dogs selected for 
this work were tractable animals which could be trained 
to lie quietly for an hour or two on a board with their 
legs tied. The weights of nearly all the dogs fell between 
9 and 15 kgm., and their control mean blood pressures, 
between 110 and 140 mm. Hg. The mean blood pressure 
was recorded on a Iq-mograph by means of a mercury 
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ft!.'ir!otiic(cr, coiiticcScci tiuotuth a latftr ftfar-'"- cannula with 
a gauge 18 needle introduced, by direct (‘uticturc. Into a 
femora! artery. Sodium citrate r-ohisimt, 2.? j'cr cent, wa? 
u$cd as tlic nnti-cnagidant in t!ir jy^trm. CVtlirtArily, fbr 
Idood prc.'i.surc tracing coadd be rtiti /or !0 or {.' nn'nu'r-. 
xvith each arterial tiittiCttirc. In juany in-gaucr'., tTO»!tU 
of 20 to ?0 nnuutcs. at time? dO to (''t inimite,', wesr o'»- 
tained before a dot olHtrnctfd tlic tsrc.br, iJssrine ttsc 
sharp rises in )doo.! presotre iTsssItisr: fcosn tbr Injection 
of rcssits or isi l!sc ossrsc of titr bnurer tf.udn!:-., miall 
atnottnls of citrate solution uanc nsusncnt.asity ttsttavinecd 
into tisc c.atsmsla. fvosn the, psc'^otvc !"tt!r. to prevent \'o- 
.agnlaiion. i’-ctorc tbr injretiosi of rersis!. •'■sstTicient tins-- 
was allowed f<»r tlsc b'o-ol (ire'-'.tstc to hr st.abjii.T l. 

The animrib were carefully o'l-.ervrd .ns to elt.anycr. in 
heart r.atc. rrspir.atinsi, nervosjs bdtavios', or fglu-r synsp- 
toms. Blood pres.oiro records from cssprrim.ruts unsatis- 
factory hcC.ausc os' rcstfcjMsrsr. of the atsisssssl. dithnslt 
arterial pusscturcs, forcigts j'rotrisi reaction^, of Su.mc se- 
verity, or other ex'lraitrosss v.-ss-usiotor fsvetors. Isnvc brrsi 
f.vchsded front the result::, tbi tlsc bn'i-; of c.’cprfien.'c, 
the blood ps-c.>-<sirc w.as cosssidcred i>t have rctsirncd to the 
cosifrol level when it was witisftt 10 or 15 ssmi. oC the 
swiginai rcadissg. A vest dual ckvatio5\ vii 20 to 2? msu. 
was considered as bordcrlitsc. Kesidts.nl e!cv.Hif)n.s of 30 


or isiorc miss, were eonsidefcd as siysssficani hypertension 
if obscrvcsl at (>0 or msirc minutes after the end of the 
injectinn of renin. 

Of'i'mlit'i- (-rpriul'.tra. Tjic constriction of renal ar- 
ten'r'. was c.rrricd out .nreording to the Goldhiatt technic 
(3). ( .on'-tt ictiofi of the tsreter to produce, hydronephro- 
sis was arcongdidted Iw nseatis nf a Goldidatt clamp or 
by the tcchnir previondy described (•)). Nembutal ancs- 
thesm w.'is tiled in all but a few dogs. 

Pressor rrspnnst's to slntjlc doses of renin. 
Figure I iflustralc.'; the pre.^s.'^or cfTecls of single 
tlosAis iti 24 reprc.seiitativc c.sperimcnts, 11 of 
v.'hioh were on tiorma! dog?, ami 13 ott clogs with 
retinl ahtinrnuililic.s. The amount of renin in- 
jected was enough to produce a rise of at least 50 

to 60 tnin. of niercitrv in the mean femoral blood 

0 

pressure, 'fliere was little difTcrcncc in the im- 
medinle response of a renaily normal and abnorma! 
dog to single moderate or large closes of dog or 
j>ig renin if allowance was made for differences 
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TAiii-r I 
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in the control blood pressure levels in the 2 groups 
of dogs. The duration of the pressor effect was 
also similar in the 2 series, the blood pressure re- 
turning to the control level in 40 to 60 minutes. 
It should be noted that, for practical reasons, time 
recorded for the return of the blood pressure to 
the control level was not necessarily the minimum 
figure. 

The pressor effect of very large single doses of 
renin, manifested in peak rises of 90 to 140 mm., 
-is_illustrated in Table I. In 6 experiments on 2 
normal and 3 renally abnormal dogs, the blood 
pressure returned to the control level within an 
hour. Borderline residual elevations of 20 to 26 
mm. were recorded in 3 with bilateral constriction 
of arteries or ureters. Residual hypertension of 
significant degree, 30 to 42 mm. at 60 to 90 min- 
utes after the injection of renin, occurred in 2 
dogs : Dog 68 with a nephrectomy and both artery 
and ureter constricted in the remaining kidney, 
and Dog 94 with one artery constricted. 

Pressor responses to multiple doses of renin. 
The effect of multiple injections of potent doses 
of renin varied with the amount of the individual 
dose, the time interval between injections, and 
other factors. Tables II and III and Figures 2 


and 3 illustrate the salient features. Prolonged 
duration of renin activity in certain renally ab- 
normal dogs was first noted in response to multi- 
ple injections of kidney extract. 

In general, the injection of several doses of 
renin, within a total period of 10 to 20 minutes, 
produced about the same ultimate effect as a 
single large dose. When 10 or more minutes 
elapsed between injections, the intervening hyper- 
tensive plateau was better maintained in both nor- 
mal and renally abnormal dogs, but in all of the 
former, and in the milder types of the latter, the 
blood pressure was recorded at or near the control 
level within 30 to 80 minutes after the last dose 
of renin. 

However, a prolongation of renin action w’as 
demonstrated in a delayed return of the blood 
pressure to the control level after the last injec- 
tion in dogs with repeated bilateral clamping of 
the renal arteries, constriction of one or both ar- 
teries and one ureter, or with constriction of artery 
or ureter to one kidney and opposite nephrectomy 
(Table III, Figure 3). The injection of multiple 
doses of renin in these animals resulted in a hyper- 
tensive plateau of 40 to 78 mm. Residual eleva- 
tions of 28 to 66 mm. were recorded at periods 
of 57 to 114 minutes after the last dose of renin. 

Pressor responses to continuous injection of 
renin. The effects obtained from multiple doses 
of renin were, on the whole, duplicated in experi- 
ments involving the continuous injection of renin 
(Tables II, III; Figures 4, 5). The renin was, 
with few exceptions, injected undiluted or in a 
dDution of 1 to 2. The rate and duration of the 
injection were varied comparably in normal and 
abnormal dogs, in so far as practicable. The ex- 
clusion of experiments with anaphylactic reactions 
has limited the data on the various groups of dogs 
shown in the tables and figures, although the gen- 
eral features of the pressor response were similar. 

The continuous injection in 6 normal dogs of 
0.2 to 1.2 cc. of renin per minute over a period 
of 39 to 94 minutes, resulted in the maintenance 
of a hypertensive plateau averaging from 20 to 
34 mm. in 5 dogs, and 52 mm. in 1 dog. The 
first 20 minutes of the blood pressure record was 
not included in the "plateau” but considered as the 
effect of the initial dose of renin. Upon cessa- 
tion of the injection, the blood pressure returned 
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TAIlf.n II 


The iwrtnal duration of the pressor effect of tnuUipk doses or conthiuous injection of renin in representative 

normal and renally abnormal dof,s 
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^ Dog kidney extract carried through 3 stages of preparation, 
t Dilution of 1 volume of kidney extract to 5 volumes, 
t Dilution of 1 volume of kidney extract to 2 volumes. 

I Dilution of 1 volume of kidney extract to 1.33 volumes. 

^ A == Artery; N « Nephrectomy; U = Ureter. 
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TABLE in 


The prc'lcr.fi-d fresspr tjfccl pf multiple doses or continuous injection of renin in certain renally abnormal dogs 



• Dog kidney extract carri^ through 1 stage of preparation. 

•* Dog kidney extract carried through 2 stages of preparation. 
*** Dog kidney extract carried through 4 stages of preparation, 
t Dilution of 1 volume of kidney extract to 5 volumes, 
j Dilution of 1 volume of kidney extract to 2 volumes. 

§ Dilution of 1 volume of kidney extract to 1.33 volumes. 

7 A = Artery; N = Nephrectomy; U = Ureter. 


.to the control level as quickly as after the end of 
any single moderate dose of renin (Table II; 
Figure 4). 

Similar pressor responses were obtained upon 
the continuous injection of renin in 11 dogs with 
various renal abnormalities (Table II). A hyper- 
tensive plateau of 30 to 45 mm. was maintained 
in 10 experiments, of 20 to 25 mm. in 3 experi- 
ments. The blood pressure was recorded at or 
near the control level within the time limits ob- 
served in the normal dogs. There was no ab- 
normal duration of renin pressor action in this 
group of hypertensive dogs. 

Prolongation of renin pressor activity after 
pump injection was typically illustrated in 5 dogs, 
with the more severe experimental renal abnor- 


malities, but also occurred in 2 dogs shortly after 
constriction of 1 renal artery (Table III; Figure 
5). The renal disturbance consisted of bilateral 
constriction of the arteries, with additional hydro- 
nephrosis or unilateral nephrectomy in 4 dogs. A 
hypertensive plateau averaging 40 to 70 mm. above 
the control level was maintained during the injec- 
tion. The blood pressure was still elevated 28 to 
54 mm. above the pre-injection figure at 51 to 264 
minutes after the end of the injection of renin. 
The prolonged renin hypertension was reproduci- 
ble in repeated experiments on the same dog (Ta- 
ble III). Sensitization to pig renin probably 
played a part in some of the negative experiments 
on Dog 105. 

Pressor responses to renin in anesthetized dogs. 
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Fig. 4 . The Normal Duration of the Ppxssor Eftect of Continuous (Pump) Injection of 

Renin in Normal Dogs 

Tiic solid line indicates tlic average response in 5 experiments. The dotted lines indicate the mini- 
mum and maximum range in the scries. The injection of renin was maintained for periods varying 
from 39 minutes to 94 minutes from zero time. 

phenomenon regardless of the renal status, the 
blood pressure of the animal, or the number of 
experiments on the same dog. The decreasing 
pressor response on repeated injections of renin 
varied somewhat with the dosage and the intervals. 

Occasionally, after several moderate doses of 
renin, no subsequent pressor response occurred 
unless the hypertensive plateau had subsided. In 
the 'conscious dog, in contrast to the anesthetized 
dog, successive doses of renin rarely produced 
step-like rises in the intervening plateaus. How- 
ever, when renin was injected b)' pump, changes 
in the level of the pressor plateau could at times 
be effected by modifying the rate of injection. 

When weak, presumably impure extracts were 
used, tachyphylaxis was apparently accentuated. 

The failure of a later dose of renin to produce a 
rise of more than 10 to 20 mm. in the hypertensive 
plateau did not exclude a prolonged residual effect, 
as measured by the duration of significant hyper- 
tension or the time required for the return of the 
blood pressure to the control level. The amount 
of renal extract previously injected was appar- 


ently the chief factor in this lag, which rarely 
exceeded 2 or 3 hours. 

Anaphylaxis to renin. The use of heterologous 
pig renin led to anaphylactic reactions in many 
dogs subjected to repeated experiments. There 
was only 1 fatalitj’. Dog 105, and in this case there 
was no immediate shock. The anaphylactic re- 
sponse was best observed on the blood pressure 
tracing. After the injection of renin in a sensi- 
tized dog, the usual rise and peak in the blood 
pressure occurred. However, the ordinary brady- 
cardia soon gave way to tachycardia, and a more 
or less steep fall in blood pressure took place 
within the next few minutes. The level finally 
reached was above the control value in the mildest 
reactions, at or near the control blood pressure in 
the mild reactions, and at varying degrees of 
hypotension in moderate or severe anaphjdaxis. 
The time of recover)' was usually directly related 
to the depressor response, varying from a few 
minutes to a half hour or more. After the milder 
reactions, the experiment could usually be con- 
tinued and more renin injected without evident 



16 


i-ouis j.niTrj! AN‘r> i.ir.r.iAN' r.icitr.r.iinp.nr.R 



Fig. 2. Tnr Noi’.mai. Prrs.'^o': Fitrct or J.fut.Tui.K 
Dosus or Rr.Ni.v ii; Rri;.M.LY Aii.voiiM.M, Doc.': 

The solid line indientes the nvcrncte rcspon.ic in 5 ex- 
periments, The dotted lines indic.ntc the minimum and 
maximum range in this series. The interval of time bc- 
tween the first and the Inst injection ranged from 42 min- 
utes to SO minutes. 

The small series of experiments listed in Table IV 
is representative of a general reaction pattern. 
The dosage of renin used was comparable to the 
amount given to conscious dogs. Even after a 
single moderate dose of renin, the normal dog 
under barbiturate anesthesia shows a h}'pertensive 
plateau which may persist for a long time. Mul- 
tiple injections of renin at proper intervals in the 
anesthetized, renally normal dog can produce suc- 
cessively higher plateaus and prolonged residual 
hypertension after the last injection. Continuous 
injection of renin has not been tried. 

Pressor responses to renin in conscious uremic 
dogs. As shown in Table V, the injection of 
homologous renin in single or repeated doses pro- 
duced a prolonged hypertension in 5 out of 8 non- 
hypertensive, uremic dogs. Inadequate dosage or 
improper timing of the injections may have been 



Fig. o, Tiik PnoroNCEo Pressor Effect of Multiple 
Doses of Remn ix Renally Adnor.mal Dogs 

The solid line indicates the average response in'5.ex“ 
periments. The dotted lines indicate the minimum and 
maximum range in the scries. The interval of time be- 
tween the first and the last injection ranged from 45 min- 
utes to 94 minutes. 

responsible for the absence of prolonged residual 
h 3 'pertension in the other 3 dogs. The severely 
hypertensive uremic Dogs 90 and 107 failed to 
maintain a pressor plateau during or between in- 
jections of renin and showed no prolonged residual 
elevation. Both animals had numerous cardiac 
hemorrhages and necroses at autopsy. Dog 102, 
which also had marked hypertension, maintained 
a pressor plateau of only 20 mm. 

Tachyphylaxis to renin. This was a constant 
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Fig. 4. The Normal Duration or the Pressor Effect of Continuous (Pujip) Injection of 

Renin in Normal Dogs 

The solid line indicates tJie average response in 5 experiments. The dotted lines indicate the mini- 
mum and maximum range in the scries. The injection of renin was maintained for periods varying 
from 39 minutes to 94 minutes from zero time. 


phenomenon regardless of the renal status, the 
blood pressure of the animal, or the number of 
experiments on the same dog. The decreasing 
pressor response on repeated injections of renin 
varied somewhat with the dosage and the intervals. 
Occasionally, after several moderate doses of 
renin, no subsequent pressor response occurred 
unless the hypertensive plateau had subsided. In 
fhe 'conscious dog, in contrast to the anesthetized 
dog, successive doses of renin rarely produced 
step-like rises in the intervening plateaus. How- 
ever, when renin was injected by pump, changes 
in the level of the pressor plateau could at times 
be effected by modifying the rate of injection. 
When weak, presumably impure extracts were 
used, tachyphylaxis was apparently accentuated. 
The failure of a later dose of renin to produce a 
rise of more than 10 to 20 mm. in the hypertensive 
plateau did not exclude a prolonged residual effect, 
as measured by the duration of significant hyper- 
tension or the time required for the return of the 
blood pressure to the control level. The amount 
of renal extract previously injected was appar- 


ently the chief factor in this lag, which rarely 
exceeded 2 or 3 hours. 

Anaphylaxis to renin. The use of heterologous 
pig renin led to anaphylactic reactions in many 
dogs subjected to repeated experiments.. There 
was only 1 fatality. Dog 105, and in this case there 
was no immediate shock. The anaphylactic re- 
sponse was best observed on the blood pressure 
tracing. After the injection of renin in a sensi- 
tized dog, the usual rise and peak in the blood 
pressure occurred. However, the ordinary brady- 
cardia soon gave way to tachycardia, and a more 
or less steep fall in blood pressure took place 
within the next few minutes. The level finallj’^ 
reached was above the control value in the mildest 
reactions, at or near the control blood pressure in 
the mild reactions, and at varying degrees of 
hypotension in moderate or severe anaphylaxis. 
The time of recovery was usually directly related 
to the depressor response, varying from a few 
minutes to a half hour or more. After the milder 
reactions, the experiment could usually be con- 
tinued and more renin injected without evident 
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Fig. 5. 1 nr. Pnoi.ONGr.n Dukation or tiik Pncsson ErrEcr or Continuous (Pump) Injection of Renin in Dogs 

WITH Bieatekai, Renai. Ahnoemaeitv 

Tlic soli<l line indicates the average response in II experiments. Blood pressures on 9 dogs were recorded for 210 
minutes, 1 dog for 180 minutes, and 1 dog for ISO minutes. The injection of renin was maintained for periods varj-- 
ing from <59 minutes to 150 minutes from zero time. - - — 

abnormal effects. During the more severe anaphy- sional dogs, sensitization was attributable to a 
lactic reactions, most of the dogs exhibited saliva- large injection of renin, 3 or 4 months previously, 

tion, and at times vomiting, restlessness, respira- The use of kidney extracts weak in pressor activity 

tory disturbances, hyperperistalsis, and defecation or high in nitrogen content facilitated the develop- 
of nonnal or diarrheal feces. Tachycardia was ment of the anaphylactic state in dogs previously 
a constant sign and, in the more severe reactions, tolerant of large doses of renin. Desensitization 

continued for some time after other symptoms had occurred spontaneously in some dogs if a montli 

disappeared. or two intervened between experiments and if only 

In general, sensitization to kidney extract was moderate doses of extract were given. On the 

determined by dosage and the intervals between other hand, it was possible to desensitize several 

injections. Most of the dogs showed some dogs by producing a mild or moderate anaphylactic 

anaphylaxis after a few injections at 5 to 15 day reaction a few hours to a day preceding the injec- 

intervals if one large dose was included. In occa- tion of a large amount of renin. No dog became 
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The pressor effect of renin in conscious uremic dogs 
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* Dog kidney extract carried through 4 stages of preparation, 
t Dog kidney extract carried through 1 stage of preparation. 
t Dog kidney extract carried through 2 stages of preparation. 
§ Dilution of 1 volume of kidney extract to 5 volumes. 

V N = Nephrectomy; U = Ureter; A = Artery. 


immune to renin in the sense that it failed to give 
an immediate pressor response to an intravenous 
injection of renin. Anaphylactic reactions "were 
never observed in animals receiving homologous 
renin, whether they were sensitive or not to pig 
renin. 


Poihologicol changes following injection of 
heterologous kidney extract. In 15 dogs mth ex- 
perimental renal abnormalities, death occurred 
within a few days after injections of heterologous 

renin. Two animals. Dogs 79 and 105, died within 

a few hours after a large continuous infusion of 
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rcnnl cxtracl, tlic ffirmcr sluiwiiif," lu'iiin/jlohinurirt. 
There were acute degenerative ehauge.s iu the liver 
aud kidneys. In 12 nf tlie remaining 12 d»>gs. 
nnmernns arc.as of hemorrhage ntid necroses were 
present throughout the heart and gastro-infestinal 
tract, infre(|uent)y in the diapluagm am! e|-,r- 
wliere. Histologically, the lesions ccuisisted of 
hyaline degeneration and fdirinoid ttecro'.is of 
arterioles and capillaries, with interstitial hentor- 
rh.agc, leuk'ocytic exutiation, asid focal siecrosis of 
parenchyma. 'I'he Iddueys were spared, ns was 
skeletal muscle. \\ hile df'gs had en(>it.gh renal 
insufncicncy and hyjHTten.sioti to exjdain the j>ro- 
duction of this maligjiant phase, in -f <iogs with 
clamps on the renal arteries there v,-as not suf- 
ficient renal damage tior severe liyperlension to 
account for the lesions, ‘riuts, Hog 12S. with 
clamp.s on both renal arteries, had a blood Nf’X 
of 25 mgm. and blood jnessnre of 16S turn, the day 
before death: Dogs IIP ajtd 120, with bkanl pres- 
•sure.s of 16-5 and 17«S mm., shroved no .symj)torns 
of uremia btit unfortunately harl no NPN deter- 
mination; Dog 121 was killed 5 months after the 
last injection of pig renin, was in good health ex- 
cept for hy[)crtension, and showed healed le.sion.s 
in the right auricle. In these nnimaks, the injec- 
tion of kidnet’ extract apparently wa.s an important 
factor in the development of the hemorrhagic 
lesions. Anaphylaxis to kidney extract could not 
be correlated with the occurrence of the specific 
pathological changes. No deaths occurred in nor- 
mal dogs given pig renin or in renally abnormal 
dogs given dog renin. It is extremely doubtful 
that they could have survived the extensive cardiac 
and gastro-intestinal lesions found in the other 
animals, 

DISCUSSION 

The relationship of renin to experimental renal 
hypertension has been the subject of much investi- 
gation, summarized in recent reviews of the litera- 
ture (5, 6). The purpose of the present study 
was to determine whether there was an unusual 
response to renin on the part of dogs with renal 
hypertension or other renal abnormality. If 
renin were responsible for renal hypertension, the 
injection of extra renin might, under certain con- 
ditions, be expected to accentuate the pre-existent 
hypertension. 


i’he re.sul!.'; of thi.s invc.^^tig.atinn on conscious, 
trained dog.'; itidicate that renin in .single, moderate, 
or large do.-^e.-; {)roflucc5 e.'isentially .‘limilar pressor 
rlff’c's in luirm.al anrl renally abnortu.al dog.s, rc- 
gardle.';.^ of their blond pre.^sure level. However, 
v.heti multifile doses of retiin are given at proper 
interval.', or when continuou.s itijeclion is employed, 
the dog.'; with the tnore extensive rcEial abnorrnali- 
tie.";. .Midi as bilaler.al ron.striction of the arteries, 
or of arteries and a ureter, or with the added load 
of a nephrectomy, maintain a higher pressor pla- 
teau during the administration of renin and show 
a much longer duration of rc.sidual hypertension 
after the eiifl of the injection. These effects arc 
not ohserverl in normal dogs nor in most dogs 
with cfinstrietion of a .single arterr* or ureter, or 
with a simple nejilircctomy. In these animals, 
multiple or eoutitutous injection of renin results 
in a motlerate hyfiertcnsivc plateau, but tlie blood 
[ire.ssurt; returns to the control level about as 
rajiidly as after a single dose of kidney extract, 
'riie failnre of large amounts of renin to produce 
jirolongcd liyfiertcnsion consistently in dogs with 
extensive renal abnormalities may he attributed to 
.several factor.s: weak or impure renal extracts; 
mild or unrecognized foreign protein or anaphy- 
l.'ictic reactions to heterologous renin; or a vei^' 
high control blood pressure close to tlic limit of 
sustained vasoconstriction in the individual dog. 
The effect of extensive cardiac hemorrhages in 
malignant hypertension in counteracting the pres- 
sor response to injected renin must also be taken 
into account. 

One may conclude, tlierefore, that the unanes- 
thetized dog with extensive renal abnormality' and 
varying degrees of hypertension, but without renal 
cxcrctorj' failure, is more susceptible to the action 
of large amounts of renin than is the normal dog 
or the dog with unilateral renal abnormality. It 
is not clear at present whether this behavior indi- 
cates an insufficient ability on the part of the nor- 
mal renal parenchyma to counteract or neutralize 
the pressor activity of the “ischemic” kidney and 
the exogenous renin (7, 8), a decreased “anti- 
pressor” content of the animal's blood (9, 10), 
or an increased supply of substrate on which renin 
must act to produce the effective vasoconstrictor 
(11, 12). Some preliminary observations on the 
production of "hypertensin” by the action of renin 



KFFF.CTS OF KKNIK 


21 


ihc pln.'^ma of iinriiiil arifl renally abnormal 
tiof;?. liavc nol revealed significant (lifTcrcnccs in 
tlic amotint of plasma snb.stratc in tlic various ani- 
mals (13), nUiionf;h they have confirniccl its dis- 
appearance or marl.cd diminution shortly after the 
injection of renin (11). 

Certain objections to the renin theory of experi- 
mental renal hyjiertension li.avc been raised (14). 
They concent, chiefly, the development of t.achy- 
phylaxis, the similar pressor response to renin of 
Inpertensivc and normal animals, the difficulty of 
maintaining sustained rises in blood pressure on 
infusion of renin, and the failure of the blood 
pressure to fall hclov.- the control level in either 
norm.ll or hypertensive rabbits after tachyphylaxis 
to renin is estahlislicd. The last objection is a 
serious obstacle to the renin thcorj’, if tachyphy- 
laxis is considered solely from the point of view 
of exhaustion of the plasma substrate necessar>' 
for renin activity. However, it has been shown 
that tachj-phylaxis is not merely a problem of renin 
and substrate (15). Furthermore, little is known 
of the rate of replenishment of substrate or the 
amount necessaiy to permit a continuing renin ef- 
fect f;j vivo. Residual renin h>'pertcnsion can be 
present in the absence of demonstrable substrate 
(13). This may simply mean that the in vivo 
pressor response is a more sensitive criterion than 
other assay procedures. If, in the intact renal 
h)-pertensive animal, the central nervous regula- 
tion of the blood pressure is somehov.' adjusted 
to the new level (16), this may explain the exact 
return of the blood pressure to control value after 
renin tachyphyla>ds, since a relatively short period 
is required to restore substrate for endogenous 
renin. 

If an anti-pressor substance, renin- or angio- 
tonin-inhibitor can be released by normal renal 
parenchyma (9), the higher pressor plateaus and 
prolonged residual hj-pertension produced by in- 
jection of renin in renally abnormal dogs may be 
explained as an impairment of this function. 
Since prolonged duration of rem'n activity can oc- 
cur in renally “ischemic” dogs with only moderate 
or little hypertension, one must assume a balance 
hetvreen low endogenous renin and inhibitor in 
these animals, with an inability to produce the latter 
rapidly in response to a sudden excess of exoge- 
nous renin. On this basis, the occurrence of 


tachyphylaxis may he taken as evidence against 
the view that a renin- or angiotonin-inhibitor 
mechanism is largely responsible for this phe- 
nomenon. 

Whatever the means by which renin pressor ac- 
tivity is kept within moderate limits after the 
initial rise in the renally normal, conscious dog, a 
marked impairment of this function occurs in the 
anesthetized dog, which behaves as though it had 
extensive renal abnormality. The prolonged pres- 
sor plateau after single injections of renin makes 
it difficult to evaluate the effects of continuous 
infusion. 

The occurrence of anaphylactic reactions in ani- 
mals receiving repeated injections of heterologous 
renin has also been observed in the rabbit (17), 
The sensitization is apparently not carried over to 
homologous renin. In this respect, the phe- 
nomenon differs sharply from the immunological 
formation of “anti-renin” in h}q)ertensive dogs, in- 
jected intramuscularly with heterologous renin 
( 18) . Our anaphylactic h 3 'pertensive dogs shovred 
no consistent blood pressure reduction that could 
be interpreted as evidence of immunity to endo- 
genous renin; but the experimental conditions 
were not such as to favor the development of 
“anti-renin.” 

Foreign protein reactions, as distinguished from 
true anaphylaxis, were observed in the course of 
continuous infusion of renin in some dogs. They 
appear chiefly in the blood pressure response in 
the case of homologous extracts, resulting in a 
falling cur\'e that may reach the control level at 
the end of the injection. Similar reactions have 
been described in rabbits (19). When heterolo- 
gous kidney extract causes this type or reaction, 
severe symptoms and, very rarely, death may oc- 
cur. It is, therefore, difficult to drav/ conclusions 
from experiments with poor pressor plateaus. 
Some of the discrepandes in the literature on 
renin activity are rmdoubtedly attributable to ne- 
glect of this factor. 

The relation of kidney extracts to the patholo,gy 
of experimental malignant hypertension has been 
strikingty emphasized in recent studie.s on nephrec- 
tomized dogs (20), The necessary comhin-ation 
of severe renal insu/fidency and hypertension if) 
the etiology of the malignant syndrome of renally 
ischemic animals (21, 22), has been quest ioffc/l as 
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the rcsnU of cxjnnitiu’nts oti rats. n\ whirh dsily 
one renal artery was constricted (23, 24). In the 
present sltuly, there are defittitc itulications tliat 
hctcrolopnns renin can prerijMtate cardiac ajnl 
rjastro-intcstinal hemorrhages and necroses, in 
some (Inijs withonl severe hyprrtcnsinji or rrtral 
insnrnciency. The fmdinys have hern detailed 
elsewhere (2.a). 

The role of retiin iti hninatj hyprrictodn;} i*. j.'ill 
a matter of conjecture. It is plausihlr. to a' -amw 
renin participation in th.e severe ntalijp’.atu phas»\ 
in which renal ischemia atid necrosis provide a 
source for the 5 >ressor suhst.-^nce. Ivdease of 
renin probably occurs after tltc suddirn n.'rUision 
of renal arteries (2d), 'i‘he successfts! tre.atnnnt 
of juvenile, hypertension by neplirectotny. In cases 
of unilateral renal disease or va-cular h-sions of 
various types (22), stroityly smtitests ituerruptitm 
of a renin hypertension. However, direct dentmo 
slratioti of a rcnisi mechanisnr in this sjuall clittical 
group is not yet av.ailahle. If the sittiatiou in 
man is at all comparable to experimental hyper- 
tension in the rat (24), renitt hyperlcnsio’A of uni- 
lateral renal origin would sooner or later lead to a 
vicious circle because of the damagitig ciTcet of 
hypertension, or renin, on the arteriolc.s of the 
sound kidney. In ordinaty "essential” hyperten- 
sion, without signs of organic renal involvement, 
there is, at present, no satisfactor}’ evidence for 
a renin mechanism. Further study of the pressor 
response of such individuals to adequate do.sagc 
of renin should yield interesting data for com- 
parison with the results observed in normolcnsive 
human subjects (28). 

SUMMARY AND CONCLUSIONS 

1. Trained, conscious dogs, injected with renin 
intravenously, in single moderate or large doses, 
sufficient to elevate the mean femoral blood pres- 
sure 50 to 100 mm. Hg., gave similar pressor re- 
sponses whether their kidneys were normal or ex- 
perimentally abnormal as the result of partial 
constriction of arteries or ureters, with or without 
unilateral nephrectomy, 

2. Multiple doses of renin, or continuous in- 
jection by pump, produced a pressor plateau in 
renally normal and abnormal dogs, but the blood 
pressure returned to the control level within an 
hour after the injection in all of the normal ani- 


tn.als ;md in m()r4 of ih.e dtigs with unilateral or 
Icf-r. exteinive l)ilatcral ren.al Icr'inns, 

3. Marked pmlongatinn of renin pressor activity 
wa-; nhr-rrvrd chidly in dogs with bilateral, experi- 
mendal, renal ahn'’)rmalitie:-; ftillowing multiple 
dn“,^;. or enntinuou--- injection of kidney extract, 
tree froju drpre,-.-.f>r material. 

4. l*!olt)nged duratlnji of rejiin pre.'^sor activity 
.ah.o oci-urred in .anesthetized, renally normal dogs 
and i{» th.e majority of consrtonr. dogs with un- 
complicated uremia. Dog.s with cxpcrimcnt.al hy- 
pertcfi'inrt and tsrrtni.a re.nctcd irregularly. 

5. Kepe.atril expe.rintent.s on the same animal 
*.vith hrterfdogoiis renin led to the development of 
aetapliylaxi-.. Dngs sensitized to pig renin reacted 
noruially to flog renin. 

6. ‘rhe [jatlioltigiral lesions of cx{)orimcntal 
{ualignam hypertensloti can he induced or acccler- 
atr.l by the injection of foreign renin, not only in 
fiog.s with excessive ren.al ischerni.i or necrosis, 
f)Ui it; some anin;als without severe hypertension 
or uremia. 

7. The [)ro!ongc(l effect of renin in conscious 
dog.s with cxteit.sivc reital abnormality is regarded 
as evidence it; favor of the renin ctiolog>' of ex- 
perimental renal hypertension, and in support of 
the view that the ratio of normal to abnormal 
("ischemic”) renal parenchyma is a determining 
factor in the clog’s response to exogenous, as well 
as cndogcnou.s, renin. 

8. The relation of renin to human "essential 
hypertension remains an open question. 
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THE RELATION OF POSTURAL HEMODILUTION TO PAROXYSMAL DYSPNEA 
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(Frcin the /Iff jr.'Kirnf of ^ftdkir.e, CoUeric of Physicians and Surgeons, Columbia University, 
and the Presbyterian Jicsfital, A'ftt' Vorh City) 

(Rcceivc'J for publication May 25, 1942) 


iNTnonircTioN 

For ninny yenrs, there hns liccii considerable 
speculation about tiie mcebnnism of pnrox 3 'snial 
dyspnea. OiniiKCs in vasomotor, neural, cardiac, 
and respiratory physiology, nightmares and other 
trigger mechanisms, and alterations in blood vol- 
ume have been Amriously suggested as responsible 
for the characteristic nocturnal attacks. Tlie pres- 
ent stud\' tvas undertaken to see wliethcr shifts 
of body fluid to the blood stream, folIov,-ing rest 
in the horizontal position, could be correlated with 
the time of onset of paro.x)'smal dyspnea and 
might therefore be considered a factor in inducing 
acute left-sided heart failure. 

Bohmc (1) early noted a fall in serum proteins 
after rest, a rise after periods of exercise; and 
other workers (2 to 5) have published results indi- 
cating that the change from recumbency to an 
upright position may be followed by a rise in pro- 
tein concentration, usually ranging from 10 to 20 
per cent. Similar changes in the composition and 
volume of the blood have also been reported (3, 
5 , 6). Since the introduction of the concept of 
“cardiac asthma” (7), reviewers of the subject 
(8, 9) have pointed out the frequently nocturnal 
character of these episodes, which usually occur at 
rest and in the horizontal position. Weiss and 
Robb (9) have suggested that patients with low 
plasma proteins are more susceptible to severe 
attacks. 

EXPERIMENTAL AND RESULTS 

Serum protein determinations were first made 
at 2-hourly intervals, throughout the day and 
night, on a group of 10 normal ambulatory young 
adults, 10 constantly-recximbent bed patients with- 
out heart disease, and 10 ambulatory patients who 
had chronic cardiac insufficiency, including de- 
pendent edema. The serum proteins were deter- 
mined by a specific gravity gradient tube, Lowry's 

^'Dazian Fellow. 


modification of the micro-method of Linderstrdm- 
Ling (10, 11), checked frequently with the micro- 
Kjeldahl method, and found to measure specific 
gravity with no greater than a 0.0002 variation. 
The results arc shown in Table I, with the average 
figures graphically recorded (Figure 1). 

It was obvious that a significant and consistent 
fall in serum proteins, averaging about 0.8 gram 
per 100 cc., occurred at night in ambulatory indi- 
viduals, that the values did not rise during the day 
in those patients confined to bed. Patients with 
edema demonstrated no greater hemodilution in 
the recumbent position than did the normals, but 
it should be remembered that they were of neces- 
sity less active. A further confirmation of these 
changes was obtained by comparing the diurnal 
serum protein fluctuations of a bed patient with 
those found a week later when the same patient 
became ambulatory (Figure 2). Repeated obser- 
vations on persons staying up all night and sleep- 
ing during the day, made it evident that bed rest 
was associated with an invariable and significant 
drop in serum proteins from the levels achieved 
when up and about. Fractionation of the serum 
proteins showed that the changes observed in- 
volved both albumin and globulin equally, although 
in a larger series significant differences might 
appear. 

In order to evaluate the relative roles of physical 
activity and position, 5 normal adults rested for 45 
minutes in the horizontal position, then walked 
rapidly for 5 minutes. Blood specimens were 
taken at the start and dose of the exercise period. 
The same procedure tvas carried out after a pre- 
liminary rest period using a tilt-table, with the pa- 
tients then raised to 60° for 5 minutes and lying 
quietly throughout the experiment. Walking 
caused a rise in serum protein of 0.3 to 0.6 (aver- 
age 0.48) gram per 100 cc., while a 5-minute 
change in position without activity produced a 
rise of from 0.2 to 0.3 (average 0.26) gram per 
100 cc. 


25 



26 


GKORnn A. rKRHRA AiVn Ronr.RT \v. nr.fu.tKRn 


TAiti.r. I 


Diurml fftuui frotein fntciuatiom 



Cn'c 

10 n.m. 

[ Un. 

? D.fn. 

[ « p.tn. 

j fi p til . 

B p l ! l . 

1 10 p.m. 

m. 

2 ft.m. 

4 a.m. 

6 n.m. 

8 a.m. 

if 

n 

E 

U 

X 

! 

1 

2 

3 

.? 

5 

6 

7 

S 

0 

to 1 

6.5 
6.3 

6 .5 
6.7 

7.1 

7.1 

7. .3 
6.7 
6.7 

6.4 

6.2 

6.8 

6.6 

7.1 

6.7 

7.0 

7.2 

6.7 

6.8 j 

6.3 

6.3 

6.5 

6.8 

6.7 

7.0 

6.8 

6.6 

6.6 

6.3 

6.6 

6 .5 
7.2 

7.2 

7.0 

6.6 

7.1 

6.4 

6.2 

6.8 

6.8 

6.9 

7.2 

7.3 
7.2 
6.8 

7.1 

7.0 

6.2 

6.4 

6.7 
7.0 
6.6 
7.3 

6.8 

6.5 
7.2 

6.5 
6.3 
6.1 

6.6 

7.0 

6.5 

7.1 
6.8 

6.5 
6.8 

6,1 

6.0 

6.1 

6.3 

6.8 

6.2 

6.9 

7.0 
6.5 

6.0 

5.8 
5.7 

5.9 
6.2 
6.4 
6.0 
6.2 
6.3 
5.9 
5.9 

5.7 

5.5 

6.0 

6.0 

6.2 

6.0 

6.2 

6.3 

6.1 

5.9 

5.9 

5.4 

6.0 

5.9 

6.2 

6.2 

6.3 

6.1 

5.9 

5.8 

6.7 

5.9 

6.8 

7.2 

6.9 

7.0 

7.1 

7.2 

6.5 

6.5 


1 

7.1 

7.2 

7.2 

7.3 

7.1 

7.1 

6.6 

6.4 

6.3 

6.4 

6.9 

7.1 


i 2 

6 .S 

7.0 

7.2 

6.9 

6.8 

7.0 

6.8 

6.2 

6.0 

5.9 

6,1 

7.0 

>> 

3 

6,5 

6.5 

6.4 

6.4 

6.6 i 

6.5 1 

6.2 

5.4 

5.5 

5.4 

5.7 

6.3 

£ £ 

‘t 

6.8 

6.5 

6.6 

6.7 

6.8 

6.6 

6.5 

6.0 

5.9 

6.0 

5.9 

6.7 


5 

7.4 

7.5 

7.3 

7.2 

7.4 

7.5 

7.0 

6.7 

6.6 

6.8 

7.0 

7.5 

% w 

6 

6.2 


6.5 

6.1 

6.3 

6.3 

6.0 

5.8 

5.7 

5.7 

5.9 

6.3 

C t”, 

7 

1 5.9 

1 5.7 

6.0 

5.8 

S.S 

5,8 

5.4 

5.0 

4,9 

5.0 

5.1 

5.8 


s 

6.9 

7.0 

6,0 

7.0 

6.8 

6.S 

6.3 

6.0 

5.8 

6.0 

6.0 

6.8 


0 

6.9 

6.5 

6.7 

! 6.7 

^ 6.8 

6.6 

6.3 

6.4 

6.2 

6.2 

6.4 

6.7 


10 

7.0 

7.0 

6.8 

6.9 

7,1 

6.7 

6.6 

6.3 

6.0 

6.0 

6.2 

6.9 


1 

6.2 

6.3 

6.4 

6.6 

6.5 

6.5 

6.1 

6.0 

5.7 

5.8 

5,9 

6.6 

'’v 

2 

6.4 


6.3 


6.3 

6,4 

6.4 

6.3 

6.3 

6.2 


6.4 

tr . ^ 

3 

6.3 

6.2 

6.2 

6.3 

6.3 

6.3 

6.0 

6.1 

6.2 

6.2 

6.3 

6.5 

g.s 

4 

6.1 

6.3 

6.3 

5.6 

6.0 

6.0 

6.0 

5.9 


6.0 

5.8 

6.0 


5 


5.4 

5.2 


5.3 

5.3 

5.4 

5.4 

5.4 


5.5 


c. *- 

6 


4 .S 

5.3 

4 .S 

4.8 

5.0 

5.0 

5.0 

4.6 

4.7 

4.9 



7 

5.3 

5.6 

5.6 

5.4 

5.4 

5.2 

5.2 

5.4 


5.4 

5.3 

5.3 

^ c 

S 

5.4 

5.2 

5.3 

5.3 

5.3 

5.4 

5.4 

5.3 

5.5 

5.3 

5.2 

5.5 


9 

6.1 

5.9 

6.2 

6.3 

6,1 

6.1 

6.2 

5.9 

5.9 

6.1 

6.3 

6.2 


to 

6.5 

6,2 

6.5 

6.4 

6.4 

6,3 

6.5 

1 

6.1 

6.2 

6.1 

6.4 


Qms 



Fig, 1. Average Diurnal Serum Protein 
Fluctuations 


Simultaneous serum protein, red cell count, 
hematocrit, mean red cell diameter, vital capacity, 
and venous pressure determinations were carried 
out on 10 normal individuals at 4 p.m. and 11 p.m., 
using venous blood in all instances, the night data 
being secured after at least one hour of bed rest 
or sleep. Venous pressures were taken in the 


horizontal position, vital capacities while sitting, 
after the other procedures had been completed. 
A fall in er>’throcytc count of between 180,000 and 
370,000, a drop in hematocrit of from 2 to 3 per 
cent cells in every case, as well as the expected 
serum protein fall, offered further evidence of 
hemodilution after horizontal rest. No change in 
mean corpuscular volume or red cell diameter was" 
observed. In S of these 10 normal subjects, there 
was a 100 to 400 cc. reduction in vital capacity and 
a 5 to 20 mm, rise in venous pressure after the 

Gras 



Fig. 2. Effect of Altered Activity on Serum 
Protein Values 
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rcCTiml)cnt position had been assumed for an Iiour 
or more. 

Finally, senitn protein, vital capacity, and venous 
pressure measurements were made on 8 patients 
with paroxy-'-mal dyspnea as the presenting symp- 
tom of established arteriosclerotic coronary or 
lu-pcrtcnsive cardio\’ascular disease. These pa- 
tients were allowed to he ambulator}- during the 
day, data being secured at 4 p.m., several hours 
after going to l)cd (11 p.m. to midnight), and 
again 10 to 15 minutes after the onset of a charac- 
teristic attack (while still sitting up in bed and 
short of brc.ath). 
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From these figures (Table II), it could be ap- 
preciated that the usual serum protein drop after 
bed rest was followed by a significant and rapid 
rise during the episode of paroxysmal dyspnea, 
that period in which the patient awakens, and sits 
or stands up, gasping for air. In other words, 
not only did the attacks occur at a time when 
sermn proteins were normally found to be re- 
duced, but the maneuvers of the breathless patient, 
which characteristically alleviate an attack, were 
those experimentally shown to cause an elevation 
in serum proteins. Again, in the majority of in- 
stances, the vital capacity was found to be re- 
duced after going to bed, while venous pressures 
tended to increase. These changes became more 
pronounced during the attacks of dyspnea. Arte- 


rial pressures rvere followed in 3 of these patients. 
The day and night values were essentially un- 
changed, 2 of the 3 exhibiting a 15 mm. S}’’stoIic 
rise during the paroxy-sm. 

DISCUSSION 

Many investigators have long been aware of 
the change in serum protein concentration due to 
alterations in position and muscular activity, a 
fact which has not however been emphasized in 
the clinic. A diurnal fluctuation of 10 to 15 per 
cent, dependent upon postural factors, has been 
shown in this study to occur regularly in indi- 
viduals cariy-ing on a normal existence. This fact 
offers an explanation for the common observation 
that the average serum protein values of hos- 
pitalized patients are lower than those found in 
healthy ambulatory subjects. Thus the normal 
serum proteins, as measured in the recumbent 
position, are often as low’ as 5.5 to 6.0 grams per 
100 cc., levels frequently regarded as pathological. 
These changes are often attributed to illness, 
under-nutrition, shock, or operative protein loss, 
whereas the position and inactivity of the bed 
patient may provide an adequate explanation. It 
should be noted that a significant change can occur 
in a few- minutes, although a longer period is re- 
quired for a maximal effect. 

In ^’iew’ of the comparable alterations in red 
blood count and hematocrit measurements, w-hich 
also indicate hemoconcentration in the standing 
position or during activity, there can be little 
doubt that the rise in serum proteins results pri- 
marily from the loss of fluid from the circulation. 
Furthermore, plasma volume studies by Thompson 
and his co-workers (3), show’ing an 11 per cent 
drop after standing, and the observations of 
Gregersen (12), indicating even greater changes 
after exercise, using the blue dye T.1824, support 
this idea. 

The suggestion of a slightly greater degree of 
venous and pulmonary’ congestion in the quiet re- 
cumbent state, as judged by venous pressure and 
vital capacity, is in accord with the concept of a 
larger and more dilute blood volume at that time, 
and the possibility that fluids from dependent por- 
tions of the body have become redistributed to 
other sites with a change in position. However, 
with vasomotor and peripheral factors entering 
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into the accuracy of venous pressure measure- 
ments and with variations in cooperation on the 
part of the patient in the case of vital capacity 
determinations, speculation on the lack of paral- 
lelism between the serum protein changes and the 
venous pressure and vital capacity readings ap- 
pears inadvisable and interpretation of the results 
must be guarded. 

It is generally recognized that paroxysmal dysp- 
nea usually occurs at night or during rest, particu- 
larly during the early morning hours, in other 
words at those times when, in accordance with our 
observations, serum proteins reach their lowest 
levels. The effect of the horizontal position upon 
the resting individual is comparable to the admin- 
istration of a slow but sustained infusion. It 
seems probable, therefore, that in a patient already 
subjected to left ventricular strain by virtue of 
underlying organic disease, the increase in circu- 
lating plasma volume accompanying rest in the 
horizontal position may prove a significant factor 
in inducing paroxysmal dyspnea and pulmonary 
edema. In support of this idea is the evidence 
presented first by Caughey (13) that infusions or 
transfusions consistently cause a reduction in vital 
capacity, and may provoke pulmonary edema in 
cardiac patients. Murphy and his associates have 
also shown that an infusion of as little as 100 cc. 
of a 50 per cent dextrose solution intravenously 
may have a similar deleterious effect on such pa- 
tients (14). Furthermore, Burwell (IS) has re- 
cently shown that a 50 per cent increase in blood 
volume can cause many of the phenomena of con- 
gestive failure in normal dogs. 

SUMMARY 

1. It has been confirmed that serum protein 
concentrations are considerably altered in health 
and disease by changes in position and by mus- 
cular activity. 

2. This decrease in serum protein concentration 
appears to be the result of hemodilution, due to 
an increase in plasma volume. 

3. The close correlation between nocturnal 
hemodilution and attacks of paroxysmal dyspnea 
suggests that an increase in plasma volume is an 
important factor in the production of acute left- 
sided failure in individuals with organic heart 
disease. 


4, Clinical interpretations of protein values must 
be made with caution since an average fall of 0.8 
gram per 100 cc, is encountered after rest in the 
horizontal position. 

We are indebted to Doctor Robert F. Loeb for his 
valuable help in the preparation of this paper. 
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Tile diFtrilititioii of Fulfoiiamidc compounds be- 
tween cells and scrum of human blood was studied 
in vitro. The rate of transfer from scrum to cells, 
and the effects of temperature and of atmosphere, 
were investigated. The distribution of these com- 
pounds between substrate and ultrafiltrate of sc- 
rum was also observed. 

MrrrnoDs 

Freshly drawn blood from healthy human subjects was 
defibrinated by stirring with a glass rod. If hemolysis 
was avoided, concentrations in defibrinated and in oxalatcd 
whole blood were identical, as were concentrations in 
serum and in plasma. Cell concentrations were cal- 
culated from concentrations in whole blood and in plasma, 
and from measurements of cell volumes (1). Concentra- 
tions were expressed as mgm. per 100 cc. of water in cells 
and in scrum, accepting, for the water of these two media, 
average figures (1) of 722 per cent and 93.5 per cent, 
respectively. 

Since sulfonamide compounds do not dissolve rapidly, 
their dissolution in scrum must be ascertained before the 
latter is added to cells. By choice of suitably low con- 
centrations, and by incubation at 37° C., this difficulty was 
overcome. 

Sulfanilamide, sulfathiazole, sulfadiazcne, and sulfa- 
pyridine were measured by the method of Bratton and 
Marshall (2), using a photoelectric colorimeter." 

Substrates and ultrafiltrates of serum were obtained 
according to Lavietes' method (3). It had been estab- 
lisned pres’iously that contact with mercury did not affect 
the determination of sulfonamide compounds in serum. 

The effects of erythrocytes and of leukocytes (4) and 
of an atmosphere of nitrogen (5) upon the ratio of dis- 
tribution were studied according to procedures com- 
municated previously. 

EXPERIMENTAL RESULTS 

The data of Table I represent groups of similar 
experiments, and demonstrate the effects of time, 
temperature, and atmosphere upon the ratio of 
distribution. 

Aided by a grant from the John and Mary R. MarMe 
Foundation. 

^With the Evelyn colorimeter used in this laboratory, 
filter S40 was employed. 


In similar studies, the transfer of ascorbic acid 
proved to be unidirectional, viz., from serum to 
cells only. Transfers of sulfonamide compounds, 
on the other hand, are freely reversible. If from 
whole blood containing sulfanilamide at a concen- 
tration in cells of 13.8, and in serum of 6.9 mgm. 
per cent, serum was removed and replaced by 
serum without the drug, an immediate redistribu- 
tion occurred, the concentrations in cells falling 
to 8.3 and in serum to 3.0 mgm. per cent. No 
further change in concentrations was noted after 
shaking cells and serum at 37° C. for 45 minutes. 

Table II shows that sulfonamide compounds at- 
tain concentrations of the same magnitude in 
erydhrocytes and in leukocytes. 

The ratios of distribution of the four drugs 
studied are presented in Figure 1, where concen- 
trations in cells and in serum, as stated before, 
are expressed as mgm. per 100 cc. of water. The 
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Effects of lime, temperature, and atmosphere upon 
ratios of distribution 
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Immediately 




16.5 

13.5 

20 



1 

16.5 

13.2 

40 

Sulfanilamide 

37 

Air 

16.3 

13.4 

30 


37 

Nitrogen 

14.9 

7.0 

30 

Sulfadiazene 

37 

Air 

15.0 

7.3 

45 


9 

Air 

2.8 

9.0 

45 




3.0 

9.2 


29 
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TABLE n 


Independence of ratios of distribution from presence 
and absence of leukocytes 


Drug 

Erythro- 

cytes 

1 

1 

1 

Leuko- 

cytes 

Concentrations in 
too cc. of water 

Cells 

Serum 


tnillioiis 

thousands 

mgm. i 

Hr cent 

Sulfanilamide 

4.2 

None 

15.7 

8.0 


4.0 

8.4 

15.9 

8.5 

Sulfatliiazol 

4.5 i 

None 

4.2 

12.7 


3.8 

10.3 

3.8 

12.2 

Sulfapyridine 

4.5 i 

None 

7.2 

9.1 

j 

3.8 ! 

! 

10.3 

7.1 

9.4 


columns on the right hand side show tlie percent- 
age of each drug ultrafiltrable from serum. 


DISCUSSION 

From the data presented in Table I, it is obvious 
that no gradient of transfer could be detected; 
analyses of samples taken immediately, and at 
intervals after serum containing the drug was 
added to cells, invariably yielded identical concen- 
trations. The reaction associated with the trans- 
fer of sulfonamide compounds, therefore, seems to 
be instantaneous. This holds at 37° C., as well as 
at icebox temperature. The transfer of sulfonam- 
ide compounds from serum to cells could be re-~ 
versed if the concentrations in the former were 
reduced experimentally. The presence of oxygen 
was not required for this reaction, which took 
place in an atmosphere of nitrogen in exactly the 
same manner as in an atmosphere of air, . 

X 




x = SA a»SD b^STH esSP 

Fig 1 Concentrations of Sulfanilamide, Sulfapyridine, Sulfadiazenj and 
Fig. 1. CONC Cells and Serum. 

On the right hand side are represented the concentrations in serum ultrafiltrates, 
cent of the original serum concentrations. 


SULFATHIAZOLE, 

expressed as per 



SUr.rONAMinF. compounhs in cells and serum 


31 


The ob5crv.-itinii that a substance like sulfanilam- 
ide passes freely in both directions (cells z± scrum) 
principally excludes its use for measurements of 
body water. Results of experiments conducted 
on dogs by Elkinton and TafTel (11) have failed 
to corroborate a report by Painter (12) that sulf- 
anilamide is .suitable for the measurement of body 
fluids. 

Our obscr\-ations that varying percentages of 
the dilTcrent drugs are ultrafiltrable from scrum, 
confinn Davis’ (13) report that similar propor- 
tions are difTusiblc when plasma is dialyzed against 
saline. Schoenholzer (14) and Davis (13) con- 
cluded that sulfonamides were bound to the al- 
bumin fraction of plasma protein. In this con- 
nection, it is noteworthj' that the rate of diffusion 
of sulfonamide compounds through agar and gela- 
tine gels was found by Hawking (15) to decrease 
in this order: sulfanilamide, sulfapyridine, sulfa- 
thiazole, sulfadiazenc. 

The free exchange of these substances between 
the two phases of blood, and the varying propor- 
tions of nonfiltrable drug in plasma, demonstrate 
the necessity of interpreting studies on clearances 
of these compounds with great reserve. It is ob- 
vious that such studies cannot be based on concen- 
trations in whole blood. In in vivo experiments, 
such as observations on clearances, an additional 
fallacy may arise from difficulties which were 
noted while analyzing these drugs in urine. De- 
terminations in urine to which nonacetylated drugs 
had been added yielded “acetylation” up to 15 per 
cent, which is far greater than the error of the 
method. Studying simultaneously original urine 
and urine autoclaved at 250° F. for 30 minutes, 
as well as urine passed through a Seitz filter, iden- 
tical proportions of acetylation were observed. 
Active enzymes or the presence of bacteria, there- 
fore, can not be responsible for this change which 
seems to be an artefact. Urine from the same 
person behaved differently on different days, a 
change which could not be attributed to differences 
in pH. It seems at present that for experimental 
purposes measurements of these substances in 
urine are not sufficiently reliable. 

The amount of drug bound to plasma protein 
appears to be bacteriostatically ineffective. On the 
basis of this finding by Davis (13), and of the 
observation of unequal distribution, measurements 


of these compounds in whole blood must be con- 
sidered to be less informative than measurements 
in serum or plasma or ultrafiltrate. With whole 
blood concentrations of 11 mgm. per cent for sulfa- 
thiazole and for sulfanilamide, for example, the 
.scrum concentration of the former was 16.5, and 
that of the latter, 10.2 mgm. per cent. The con- 
centration of ultrafiltrable sulfathiazole, not bound 
to plasma protein, would be 3.3, and that of sulf- 
anilamide, 8 mgm. per cent. 

The ratios of distribution noted under the ex- 
perimental conditions described are in agreement 
with observations reported by others (6 to 10). 

Figure 1 demonstrates that the concentrations 
in cells vary with the percentage of ultrafiltrable 
substance in serum. The greater this percentage, 
the more seems available for passage into the cells. 
The proportion of drug bound to serum protein, 
therefore, appears to determine the ratio of distri- 
bution of these compounds. Such an extracellular 
factor appears the more likely since it could be 
shown that the transfers occur from serum to cells 
as well as from cells to serum; an intracellular 
reaction, like that displayed by ascorbic acid, there- 
fore, can hardly be responsible for the concentra- 
tions of sulfonamides attained in cells. 

SUMMARY AND CONCLUSIONS 

Sulfanilamide, sulfathiazole, sulfapyridine, and 
sulfadiazenc w^ere measured colorimetrically after 
addition to defibrinated human blood. 

The reaction associated with the distribution of 
these substances is instantaneous, and independent 
of temperature and the presence of oxygen. 

Transfer of these compounds occurs, under suit- 
able experimental conditions in both directions, 
from serum to cells and from cells to serum. 
Sulfonamide compounds attain equal concentra- 
tions in eiythrocytes and in leukocytes. 

The percentages of these drugs in serum ultra- 
filtrates vary; they correspond to the concentra- 
tions they attain in cells and seem to determine 
their rate of distribution in whole blood. Of the 
four compounds studied, only sulfanilamide was 
found to be more concentrated in ceDs than in 
serum; sulfathiazole, on the other hand, reached 
the highest relative concentration in serum. 

Free passage of these compounds and varying 
ratios of distribution suggest that measurements 
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of concentrations in plasma or in serum would be 
more informative than in whole blood. These ob- 
servations also exclude the use of any of these 
substances for measurements of body fluids. 
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Tlic intrnvcnoup injection of fluids has been 
frequently utilized to study tiic dynamics of the 
circulation. The purpose of this study is to de- 
scribe the response of intact dogs to such injec- 
tions. In a previous paper (Swank, Porter and 
Yeomans (1)), the infu.^ion method described in 
this paper was used to study changes in the adapta- 
bility of the cardiovascular system in thiamin 
deficient dogs. 

METHODS 

The following c.-^perimcntal procedure was finally 
adopted. Non-pregnant female dogs, weighing between 
10 and 18 kgm., were used. After fasting 18 to 24 hours, 
the animal to be studied was anesthetized with an intra- 
venous solution of alpha chloralosc (100 to 110 mgm. per 
kgm. of body weight) or pentobarbital sodium (33 mgm. 
per kgm.), and placed on its back on a dog board, with 
its legs lightly secured. Number 18 Lindeman needles 
were placed in one jugular and one femoral vein, and 
a glass catheter was placed in the bladder. The needle 
in the femoral vein was attached, by a side-arm syringe 
and rubber tubing, to a copper coil kept at a constant 
temperature by a water bath. The infusion fluid flowed 
through this coil from a glass reservoir which could be 
read accurately to 10 cc. The speed of flow of the in- 
fusion was regulated by raising or lowering the reservoir. 
The needle in the jugular vein was attached to a ma- 
nometer containing % molar sodium carbonate solution. 
This solution was allowed to run into the jugular needle 
at the rate of approximately 4 to S cc. per hour, as de- 
scribed by Trendelenburg (2). This prevented the 
blood from clotting and allowed the venous pressure to be 
accurately indicated throughout the experiment Since 
it would have been necessary to sacrifice each animal to 
determine accurately, the level of the right auricle, the 
back of the animal was arbitrarily chosen as the zero- 
point for venous pressure. This seemed sufficient for our 
purpose as we were interested in comparing the results 
of different infusions in the same animal, and in changes 
in venous pressure rather than in absolute values. A 
rubber tube of 5 mm. internal diameter was placed in 
the dog's trachea to assure a free air passage. 

After the venous pressure and heart rate had been re- 
corded several times, the infusion was begim and run 
for 30 minutes by stop watch, at the rate of 2.5 to S.O 


cc. per kgm. per minute. At 2 minute intervals during ^ 
the infusion, the jugular venous pressure, the heart rate, 
and the amount of the infusion were read and recorded. 
The urine output was measured at 10 minute intervals. 
After the infusion was discontinued, venous pressure, 
cardiac rate, and urine output were observed until the 
venous pressure returned to, or nearly to, normal. The 
Icngtli of the infusion period and its volmne were chosen 
because they were found to approach the limit of tol- 
erance in healthy dogs. Moreover, this period allowed 
the venous pressure in normal dogs to become adjusted 
to the increased plasma volume. With alpha chloralose, 
the anesthesia was quite satisfactory throughout the entire 
experiment, whereas with pentobarbital sodium it was 
frequently necessary to give additional anesthetic toward 
the end of the infusion. 

Arterial pressures in mm. Hg, when taken, were 
determined directly, by inserting a needle into the 
femoral artery. Clotting in the needle was avoided by 
allowing a small amount of molar sodium carbonate 
to run into the artery continuously (2). 

During some of the infusion experiments the following 
supplementary data were obtained: 

(J) The oxygen consumption was determined with a 
Benedict-Roth apparatus. This was connected to the 
dog by means of a Blalock mask (3). 

(2) Measurements of the cardiac output were obtained 
by means of the Pick formula. Blood was drawn under 
oil simultaneously from the right heart and a femoral 
artery. The heart was auscultated during this procedure 
and gross changes in its rate were noted. The oxygen 
content and capacity of the blood samples were im- 
mediately determined in duplicate by the method of Van 
Slyke and Neill (4). 

(3) Plasma volume was measured by the method of 
Gibson and Evans (5) using the azo dye, Evans Blue, and 
the spectrophotometer. 

(4) Variations in cardiac rhythm and sounds were 
noted by auscultation, and in suitable cases recorded by 
electrocardiograms or phonocardiograms. 

(5) Changes in the heart size during infusion were . 
determined by repeated x-rays using a standard distance 
of 6 feet 

1 The advantage in accuracy, of avoiding interruption of 
infusion while reading pressure, which the use of a 
separate vein provides, may be seen in Figure 1. Discon- 
tinuance of infusion for one minute at A and B caused a 
large fall in pressme. 
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TABLE II 


Comparison of jugular and portal venous pressures 
during saline infusions 


Anesthesia 

Abdomen open- 

Extraperitonealized spleen 

Pentobarbital-sodium 

Alpha clUoralosc 

Rate of 





infusion 

3.8 cc. per kgm. per minute | 

4.S cc. per kgm. per minute 


Jugular 

Portal 

Jugular 

Portal 

Time 

venous 

venous 

1 venous 

venous 


pressure 

pressure 

pressure 

pressure 

minutes 

mm. HiO 

mm. HjO 

mm. HiO 

mm. JltO 

0 

157 

194 

138 

280 

2 

165 

198 

163 

298 

4 

167 

204 

188 

307 

6 

168 

213 

197 

313 

8 

168 

221 - 

225 

320 

10 

168* 

230* 

250 

335 

12 



260 

335 

13 

170 

243 

1 


14 



275 

353 

15 

171 

270 



16 



288 

357 

17 

179 

280 



18 



297 

357 

19 

184 1 

302 



20 



308 

373 

21 

183* 

302* 



22 



324 

388 

24 

190 

301 

330 

398 

26 

187 

300 

340 

413 

28 

189 

300 

340 

408 

30 

196 

303 

33St 

408t 

31 



290 

361. 

32 

t 

t 



33 



258 

338 

35 



237 

328 

38| 

162 

269 



41 

157 

262 

202 

300 

45 



193 

282 


* Infusion stopped for 1 minute, 
t Infusion completed. 


ally necessary to interrupt dextrose-in-saline infu- 
sions because of the very alarming venous pres- 
sures which were apt to develop. The indication 
for caution in therapeutic use of this hypertonic 
solution is evident. 

Portal pressures. The data concerning pres- 
sures in the portal system during infusion were 
obtained from 2 experiments (Table II). In 
teach of these, both the initial and final portal 


venous pressures were higher than the initial or 
final peripheral venous pressures, although, in one 
instance, the portal pressure rose more than the 
systemic venous pressure, and in the other, it rose 
somewhat less. A high portal pressure was also 
evidenced by the development of a marked swell- 
ing of the abdomen and enlargement of the liver 
during all infusions, and swelling of the spleen in 
the 2 cases in which the size of this organ could 
be determined. 

TABLE III 


Increase in plasma volume and output of urine 
during and after infusion 


Infusing 

fluid 

Time 

from 

start 

of 

infu- 

sion 

Plas- 

ma 

vol- 

ume 

In- 

crease 

in 

plas- 

ma 

vol- 

ume 

Urine 

out- 

put 

Amount 

infusion 

fluid 

Rate of infusion 







cc. Per minute 


tnin- 

cc. 

per 

CC, 

CC. 

per unit initial 


liter 


cent 



plasma volume 

Dog 10 — Ju 

V 31 

1939 





Normal 

0 

855 




7.9 

saline 

10 

1370 

60.2 

0 

727 



20 

1405 

64.3 

47 

1407 



30* 

1820 

112.8 

62 

2090 



40 

1290 

50.9 

105 




50 

1350 

57.9 

80 



Dog 10 — Ai 

[gust 

3, 193 

9. 




10 per cent 

0 

958 




7.3 

dextrose 

10 

2010 

109.8 

162 

700 


in saline 

20 

2530 

164.0 

180 

1400 



30* 

2600 

171.5 

260 

2100 



40 

1910 

99.4 

300 




50 

1270 

32.6 

340 




55 



148 




65 



185 



Dog 14 — At 

gust 

2, 193 

9. 




Normal 

0 

670 




9.7 

saline 

10 

965 

44.0 

0 

645 



20 

1280 

91.1 

4 

1310 



30* 

1650 

146.2 

95 

1950 



40 

1072 

60.0 

160 




50 

875 

30.6 

170 




55 



95 



Dog 14 — ^Ar 

gust 

i, 193 

9. 



8.6 

10 per cent 

0 

755 




dextrose 

10 

1775 

135.0 

245 

650 


in saline 

20 

2700 

257.5 

490 

1300 



30* 

2830 

275.0 

440 

1950 



40 

1490 

97.4 

440 




50 

965 

27.8 

258 




55 



110 




* End of infusion, which was interrupted for one minute 
at 10 and 20 minutes. 
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Minylcs 

Fig. S. Measurements of Left Auriculae Pressure and Peripheral Venous Pressure 
Continuous line represents the left auricular pressure. Interrupted line represents the femoral venous pressure. 
Time of infusion is 30 minutes. 


Pulmonary venous pressure.^ The effect of 
infusion on the pulomnary circuit was studied in 
one experiment (Figure 5). Under alpha chlora- 
lose anesthesia, a rubber catheter was stitched into 
the left auricular appendage and the usual manom- 
eter attached. After the left lung had been re- 
expanded, an infusion of saline was given, and 
the peripheral venous and left auricular pressures 

®\Ve are indebted to Dr. Robert Gross for the sur- 
gical part of this experiment. 


were recorded. Before the infusion, the auricular 
pressure rose and fell some 80 mm. with expira- 
tion and inspiration, respectively. After the 
auricular pressure had risen as a result of infusion, 
these marked respiratory excursions gradually de- 
creased, but appeared again, following the cessa- 
tion of infusion. The graph of this experiment 
shows that the pressure in the pulmonary circuit 
rose more rapidly and to a much higher level than 
was observed in the peripheral venous circuit dur- 
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TABLE II 


Comparison of jugular and portal venous pressures 
during saline infusions 


Anesthesia 

Abdomen open' 

! 

Extraperitonealized spleen 

Pentobarbital-sodium 

Alpha diloralose 

Rate of 





infusion 

3.8 cc. per kgm. per minute | 

4.5 cc. per kgm. per minute 


Jugular 

Portal 

Jugular 

Portal 

Time 

venous 

venous 

venous 

venous 


pressure 

pressure 

pressure 

pressure 

viimiies 

mm. HiO 

vim. HiO 

mm. HiO 

mvt. HtO 

0 

157 

194 

138 

280 

2 

165 

198 

163 

298 

4 

167 

204 

188 

307 

6 

168 

213 

197 

313 

8 

168 

221 - 

225 

320 

10 

168* 

230* 

250 

335 

12 



260 

335 

13 

170 

243 



14 



275 

353 

15 

171 

270 



16 



288 

357 

17 

179 

280 



18 



297 

357 

19 

184 

302 



20 



308 

373 

21 

183* 

302* 



22 



324 

388 

24 

190 

301 

330 

398 

26 

187 

300 

340 

413 

28 

189 

300 

340 

408 

30 

196 

303 

335t 

408t 

31 



290 

361, 

32 

t 

t 



33 



258 

338 

35 



237 

328 

38f 

162 

269 



41 

157 

262 

202 

300 

45 



193 

282 


* Infusion stopped for 1 minute, 
t Infusion completed. 


ally necessary to interrupt dextrose-in-saline infu- 
sions because of the very alarming venous pres- 
sures which were apt to develop. The indication 
for caution in therapeutic use of this hypertonic 
solution is evident. 

Portal pressures. The data concerning pres- 
sures in the portal system during infusion were 
obtained from 2 experiments (Table II), In 
each of these, both the initial and final portal 


venous pressures were higher than the initial or 
final peripheral venous pressures, although, in one 
instance, the portal pressure rose more than the 
systemic venous pressure, and in the other, it rose 
somewhat less. A high portal pressure was also 
evidenced by the development of a marked swell- 
ing of the abdomen and enlargement of the liver 
during all infusions, and swelling of the spleen in 
the 2 cases in which the size of this organ could 
be determined. 

TABLE III 


Increase in plasma volume and output of urine 
during and after infusion 


Infusing 

fluid 

Time 

from 

start 

of 

infu- 

sion 

Plas- 

ma 

vol- 

ume 

In- 

crease 

in 

plas- 

ma 

vol- 

ume 

Urine 

out- 

put 

Amount 

infusion 

fluid 

Rate of infusion 







cc. Per minute 


min- 

cc. 

per 

CC. 

CC. 

per unit initial 


utes 


cent 



plasma volume 

Dog 10 — ^Ju 

ly 31, 1939- 




Normal 

0 

855 




7.9 

saline 

10 

1370 

60.2 

0 

727 



20 

1405 

64.3 

47 

1407 



30* 

1820 

112.8 

62 

2090 



40 

1290 

50.9 

105 




50 

1350 

57.9 

80 



Dog 10 — At 

igust 

3, 193 

9. 




10 per cent 

0 

958 




7.3 

dextrose 

10 

2010 

109.8 

162 

700 


in saline 

20 

2530 

164.0 

180 

1400 



30* 

2600 

171.5 

260 

2100 



40 

1910 

99.4 

300 




50 

1270 

32.6 

340 




55 



148 




65 



185 



Dog 14 — At 

gust 

2, 193 

9. 




Normal 

0 

670 




9.7 

saline 

10 

965 

44.0 

0 

645 



20 

1280 

91.1 

4 

1310 



30* 

1650 

146.2 

95 

1950 



40 

1072 

60.0 

160 




50 

875 

30.6 

170 




55 



95 



Dog 14 — ^Ai 

gust 

4, 193 

9. 



8.6 

10 per cent 

0 

755 




dextrose 

10 

1775 

135.0 

245 

650 


in saline 

20 

2700 

257.5 

490 

1300 



30* 

2830 

275.0 

440 

1950 



40 

1490 

97.4 

440 




50 

965 

27.8 

258 




55 



110 




* End of infusion, which was interrupted for one minute 
at 10 and 20 minutes. 
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ing infusions of the same speed. In this experi- 
ment, no pulmonary rales were heard, but a sys- 
tolic murmur and a gallop rhythm appeared. 

Plasma volume: ^ Representative studies of the 
plasma volume changes during infusion are shown 
in Table III and Figure 6. Calculations of the 
total blood volume are not recorded, as the red 
blood cell volume during and after infusion fluctu- 
ated markedly, probably because of an uneven dilu- 
tion of the red blood cells which occurred during 
the infusion. 

The infusions of 10 per cent dextrose in saline 
not only produced a much greater increase in 
plasma volume than did saline alone, but did so 
even when the infusions were slower. Apparently 
this very hypertonic solution caused fluid to be 
drawn into the blood stream from outside the vas- 
cular system in addition to that injected, since in 
dog 14 the total amount of injected fluid at the 
termination of infusion was less than the fluid 


^ We wish to express .our appreciation- to Dr. John G. 
Gibson, II, for his aid in these studies. 


which had been added to the initial plasma volume, 
and in dog 10, an addition to the plasma volume 
of 1572 cc. had taken place, whereas but 1400 cc. 
of fluid had been injected at the twentieth minute 
of infusion. Another indication of this very 
marked increase in the blood volume is to be found 
in the alarming rise in venous pressure, mentioned 
before. Both during and after 10 per cent glu- 
cose in saline infusions, a tremendous diuresis 
occurred. Usually, the plasma volume returned 
to normal more rapidly after glucose than after 
saline injections. 

Serum proteins. The total serum proteins were 
decreased by all infusions (see Table IV). At 
rates of flow between 55 and 70 cc, per minute, 
the total protein content of the serum was almost 
halved. The non-protein nitrogen also fell during 
infusions, but less than the proteins. 

Heart rate. In dogs anesthetized with pento- 
barbital sodium, the heart rate was usually rapid 
and quite variable, both before and during infu- 
sion. The sinus arrhythmia was never marked. 
There was a tendency, however, for the rate to 
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increase towani ilic Icmiinalion of infusion and 
sometimes it exceeded 200 beats a minute. 

Witli chloralosc, tlic Iicart rate was more often 
relatively slow preceding the infusion, and the 
sinus arrhythmia, normali}’ marked in dogs, was 
unchanged. In the majority of experiments, the 
heart rate increased within the first 2 minutes of 
injection, and continued to increase tliroughout the 
infusion, to reach a rate approximately 40 to 70 
beats faster than was observed before infusion. 

Arterial blood pressure. Tiie recording of the 
mean arterial blood pressure, during 5 infusions 
on 4 animals, showed a rise of 10 to 20 mm. of 
mercury during the latter part of the infusion, in 


4 instances. During 3 injections, this rise was 
preceded during the first 16 minutes by a slight 
tcmporaiy fall (about 10 mm. of mercury) in 
the mean pressure. 

Cardiae output. The cardiac output was deter- 
mined, during infusion on 17 occasions, in 6 nor- 
mal dogs under chloralose anesthesia. In Figure 
7, the increase in cardiac output is plotted against 
the duration of the infusion. This demonstrates 
that the greatest increase in cardiac output oc- 
curred during the first few minutes of the infusion. 
In 2 instances, it was shown by successive cardiac 
outputs taken during the same infusion that there 
was a slight further increase in cardiac output 
during the latter part of the infusion period. Iso- 
lated studies on different dogs on different days 
(Figure 8) showed that the cardiac output in- 
creased to a variable degree throughout the infu- 
sion, and was in no clear way related to the height 
of the venous pressure. This increased cardiac 
output persisted for as long as 10 minutes after 
the completion of the infusion, although the venous 
pressure had returned nearly to normal by that 
time. 

Arrhythmias and murmurs during infusion. 
During infusion, there was a disappearance of the 



Fig. 7. The Percentage Increase in the Output of the Heart ivith Intravenous Infusion 
The interrupted lines connect measurements made on the same animal at two points during one infusion. 
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Fig. 8. Represents the Relation Between the Increase of Venous Pressure Occurring During 
Infusion and the Percentage Increase in Cardiac Output 
Interrupted lines connect measurements made on the same animal at two points during one infusion. 


sinus arrhythmia normally present in alpha chlora- 
lose anesthetized dogs. Extrasystoles were noted 
only once during infusion. 

In 4 dogs that had each received 7 to 15 infusion 
tests, systolic murmurs were observed during basal 
conditions. This suggests that the heart had he- 
come affected permanently by this procedure. A 
systolic murmur, usually heard best to the left of 
the sternum, almost always developed during an 
infusion. Although the venous pressure was al- 
ways elevated to some degree when the murmur 
appeared, it could not be correlated with any spe- 
cific elevation in this pressure. Neither could it 
be correlated with a rise in heart rate, since in 
some experiments with pentobarbital sodium, the 
murmur appeared when the cardiac rate was 
slower than before infusion. During the recovery 
period, the murmur usually disappeared at about 
the level of venous pressure where it was first 
noted during the infusion. Despite this relation- 
ship, it is probable that the murmur is more di- 
rectly associated rvith changes in the pulmonary 
than in the peripheral venous pressures. 

Usually, during the second 10 minutes of infu- 
sion and shortly after the appearance of the sys- 
tolic murmur, a gallop rhythm was noted. The 
additional third sound was first audible during the 


height of inspirations and soon after throughout 
the respiratory cycle. By means of a phono- 
cardiogram, with simultaneous jugular pulse and 
electrocardiogram, the presence of this extra sound 
was clearly established (Figure 9). Careful ex- 
amination of the control record (A) reveals that 
no sound was recorded during diastole just before 
the occurrence of the first heart sound. During 
the infusion, when a gallop rhythm could be clearly 
auscultated (B), a new sound was recorded, just 
before the first heart tone. This seems to iden- 
tify the gallop rhythm as presystolic in time. 

No relationship was found between heart rate 
and the appearance of the gallop rhythm in dogs 
anesthetized by pentobarbital sodium. Indeed, in 
11 of a series of 19 infusions, the heart rate was 
below the preinfusion rate at the time the gallop 
rhythm first became audible. The slowest heart 
rate associated with a gallop rhythm in pento- 
barbital anesthetized dogs was 112 beats per min- 
ute, the most rapid, 204 beats per minute. In 
these same animals, the venous pressure was ele- 
vated between 20 and 130 mm. of water. With 
alpha chloralose as an anesthetic, the gallop rhythm 
was noted only when the heart rate was increased 
over basal levels, e.ff., to between 134 and 180 
beats per minute, and usually, when the venous 
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dogs. In 2 of the experiments, the anestlietic was 
pentobarbital sodium, and in 2 others, alpha chlora- 
lose. There was a progressive increase in heart 
diameter during infusion, the greatest being 1 cm. 
The diameter of the heart appeared to increase 
more rapidly and to a greater extent under pento- 
barbital sodium, but this could not be substantiated 
by careful measurements of the circumference of 
the heart. 

Oxygen consumption during infusion. The 
oxygen consumption during an infusion generally 
increased somewhat, the amount of increase in the 
majority of instances varying between + 1 and 
4- 13 per cent. The appai'eiit vigor of the heart 
action was increased, and respiration was acceler- 
ated, although slightly diminished in depth. These 
heightened activities probably account in part for 


the moderate increase in oxygen consumption 
noted in some experiments. 

DISCUSSION 

By rapidly increasing the plasma volume, many 
of the phenomena observed in patients with con- 
gestive heart failure (c.g., a rise in peripheral 
venous pressure, an increase in the heart size and 
rate, the development of a systolic murmur and 
gallop rhythm, and swelling of the abdomen, liver, 
and spleen) were produced in the dog. It is sig- 
nificant that our dogs differed from most patients 
with congestive heart failure in their ability (o) 
to maintain a high cardiac output and (I’) to pre- 
vent the venous pressure from rising above a criti- 
cal level ; this, in spite of the fact that the plasma 
volume had increased very much more than it does 
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Fig. 10. The Effect of a Phlebotomy Carried Out During Infusion with 10 per cent Dextrose in 

Normal Saline 

TUis was performed as emergency Ireatmen. b^ase of fa wragaiat^ 

fa rapid fall of pressure to normal following P i e c j*” arrows marked “stop” and “start” indicate 

“ tru,= “ 'ir S S dS ™ was d ec. per kgm, per mi..- 
ute. Afterwards it was continued at 3.3. cc. per kgru. per minute. 
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Fic. 11. Rr,rPxsENTS Infusion with 10 pep. cent Dextp.ose in Saline in a Noejiai. Dog 
Although tills curve is high, it is not unlike other curves obtained v.-ith 10 per cent dextrose in saline, in other 
animals which showed no signs of failure of the left ventricle. 


in patients with cardiac failure. In this connec- 
tion, it is impossible to overstate the importance 
of a healthy and vigorous heart. 

Of considerable interest was the stabilization 
of the venous pressure during the later part of 
the experiment. This evidently indicates adjust- 
ment of the cardiovascular system to a greatly in- 
creased blood volume. The following and per- 
haps other factors were jointly responsible for 
this: (i) a continued increase in the cardiac out- 
put, (2) an increase in the fluid removed from 
the vascular system, and (2) an increase in the 
capacity of the vascular system. The cardiac 
output probably played a relatively small part, since 
by far its greatest increase occurred early, and 
while the venous pressure was still increasing rap- 
idly. On the other hand, during the latter part 
of some infusions, especially when glucose solu- 
tions were used (see Figure 6), it was evident 
from blood volume studies that fluid was being 
lost from the intravascular system by way of the 
kidneys or into the tissues of the body at a very 
rapid rate. In these experiments, the loss of fluid 
must have been instrumental in maintaining the 


venous pressure at a fairly constant level. In 
others, an increase in the capacity of the vascular 
s>’stem must have been equally effective, since the 
plasma volume continued to increase steadil}'. 
Eridences of this increased capacity were to be 
found in the dilated peripheral, portal, and pulmo- 
nary venous channels, the increased size of the ab- 
domen, liver, spleen, and heart, and congestion of 
the lungs. Dilatation of the peripheral capillai^^ 
system, which occurs soon after an infusion is 
started (6, 7), must also have played a role. It 
should not be assumed from this discussion, how- 
ever, that the increased venous pressure was any- 
thing but helpful, provided it did not rise too 
high. No doubt this increased the cardiac output 
and helped to maintain an appropriate distribution 
of blood. 

Whenever, in these experiments, a rapid eleva- 
tion of peripheral venous pressure occurred during 
the period when this pressure was usually stable, 
or pulmonary' rales developed (Figures 10 and 11), 
one must assume that the ability of the cardio- 
vascular tystem to adjust itself to its increased 
load had been exceeded, and that the elevated 
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venous pressure which was previously helpful, 
now by virtue of an overdistention of the cardio- 
vascular system, constituted a menace. This may 
be considered in some degree a counterpart of car- 
diac failure in humans, but certain obvious quali- 
fications need be mentioned. First, the plasma 
volume was very rapidly increased in our dogs, 
whereas it is probable that, in humans with cardiac 
failure, the plasma volume increases much more 
slowly. Theoretically, it would seem that such a 
sudden change would produce a maximum stimula- 
tion of the heart and at the same time allow a 
minimum opportunity for an increase and adjust- 
ment in the capacity of the vascular system. Sec- 
ond, the concentration of both the plasma proteins 
and some electrolytes was greatly reduced by this 
sudden addition of fluid to the blood (8), thus 
lowering its osmotic pressure, and facilitating the 
production of pulmonary rales and indistinguish- 
able edema elsewhere. It is interesting to note 
that pulmonary edema was more apt to develop 
during glucose infusions, even though this hyper- 
tonic solution drew fluid into the vascular system 
from the interstitial tissues. Apparently, the 
greatly increased blood volume elevated the hydro- 
static pulmonary pressure sufficiently to overcome 
the osmotic pressure. This would seem to point 
to the presence of a very high pulmonary capillary 
pressure in these experiments. 

Probably our most interesting observations con- 
cerned the pressure relationships which developed 
during infusion in the general, portal, and pulmo- 
nary venous systems. Notably the pressure in the 
left auricle, which preceding infusion was lower 
than the general venous pressure, rose very rapidly 
and to a much higher level than did the general 
venous pressure. Following infusion, it also fell 
to normal much more rapidly. This would seem 
to indicate that the resistance to the flow of blood 
through the lungs became enormously reduced 
during infusion, thus allowing a large part of the 
pulmonary arterial pressure to be transmitted to 
the venous side of the circuit. Within limits, this 
increased left auricular pressure would be helpful 
by increasing the cardiac output. Too great a rise 
in pressure would eventually lead to pulmonary 
edema and (unless the infusion were stopped) 
death. Figures 10 and' 11 show two instances in 
v'^hich pulmonary edema occurred in the absence 


of a greater than usual increase in the peripheral 
venous pressure. In both of these instances, glu- 
cose infusions were used, but this observation was 
true of saline infusions as well. It is of consid- 
erable interest that the pressure in the left auricle 
can rise so high (Figure 5) without the occur- 
rence of pulmonary rales. In a recent paper deal- 
ing with left heart failure in patients, Burwell 
(9) discussed this same experiment, pointing out 
how independent of one another the left and right, 
sides of the heart can be in patients. 

The portal pressure in two instances was higher 
than the preinfusion general venous pressure, and 
rose to a level intermediate between the general 
venous and left auricular pressures. Two ana- 
tomical facts are of interest in this connection. 
First, the portal system veins have very thick mus- 
cular walls, capable, it would seem, of withstanding 
a considerable increase in pressure. Second, in 
dogs, circular muscular bands are present in the 
walls of the hepatic veins. These are so disposed 
as to be theoretically capable of checking the flow 
of blood (10), and consequently could effect a 
storage of blood in the portal system. In fact, 
this seems to have occurred during infusion since 
in addition to a marked elevation of the portal 
pressure, and increase in the size of the spleen in 
two cases, in all cases marked swelling of the 
liver and of the abdomen was observed. These 
facts seem to indicate that the portal, as well as 
the pulmonary system contained more than its 
share of the increased plasma volume during infu- 
sions. A similar mechanism could operate in pa- 
tients with congestive heart failure. 

SUMMARY 

Rapid infusion in dogs produced : 

( 1 ) Congestion in the peripheral, pulmonary, 
and portal venous systems, evidenced by rises in 
their venous pressures, swelling of the abdomen, 
liver, and spleen, and in some cases, pulmonary 
edema, 

(2) An increase in plasma volume and a dilution 
of the serum proteins, 

(5) An increase in the heart rate, heart size, 
and cardiac output, 

(4) Gallop rhythm and systolic murmur, 

(5) An increase in ojg^gen consumption. 
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Tlic^c p!iciu)nicn:i aiul tiicir relationship to con- 
gestive failure in humans arc discussed. An ex- 
planation is offered for the stabilization of the 
peripheral venous pressure, which takes place dur- 
ing infusion. 

The authors wisli to tlunk Dr. C. Sidney BunvcII for 
his helpful suRfreslions during tlie progress of tlicsc 
studies, and Itis aid in presenting tlicir results. 
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INTRODUCTION 

In order to elucidate further tiie meclianism of 
the alkalosis obscr\’cd during the alkali treatment 
of peptic ulcer, a detailed study of mineral excre- 
tion following the administration of relatively non- 
absorbable antacids seemed desirable. Hence, an 
investigation of the influence of calcium carbonate 
on mineral excretion in man was undertaken, and 
its action compared with the efiects of aluminum 
hydroxide and aluminum phosphate, two non- 
absorbable compounds. 

METHOD OF STUDY 

Studies were carried out in 2 adult men and one female 
with peptic ulcer, in all of whom previous observations 
had indicated renal function to be satisfactorj*. A special 
metabolic ward and nursing staff were utilized. The 
patients were maintained on special ulcer diets (Tables 
I and II), without change, during the entire experiment. 
Chloride-free distilled water was used for drinking pur- 
poses. The daily fluid intake averaged approximately 

TABLE I 


Composition of diet employed in case A. K. 
(Daily values) 



Special 
' diet 

Standard values 
for sedentary 
adult female 

Carbohydrates 

198 


Protein 

72 


Fat 

104 


Calories 

2016 


Chloride (mgm.) 

2974 


Sodium (mgm.) 

2029 


Potassium (mgm.) 

3052 


Calcium (mgm.) 

1159 

800 

Fhosphate (mgm.) 

1342 

1320 

Iron (mgm.) 

10.5 

12 

Vitamin A (I.U.) 

9570 

5000 

1 hiamin (mgm.) 

1.014 

1.2 

Riboflavin (mgm.) 

2.51 

1.8 

Ascorbic Acid (mgm.) 

78 

70 

Vitamin D (I.U.) 

38 



^ This work was supported in part by a grant from John 
Wyeth and Bro., Inc., Philadelphia, Pa. 


3000 cc. The daily urinary output varied from 1200 to 
3000 cc. There was no significant change in body weight 
during the entire experiment. The only medication per- 
mitted, aside from the substances studied, was the occa- 
sional administration of cascara to facilitate daily bowel 
activity,- and the use of mild sedatives for sleep. An 
inteiwal of 4 to 6 days was allowed for adjustment to 
the diet, prior to the control observation. Mineral excre- 
tion was studied over periods of 4 days duration each. 
Ten grains of carmine were given at the onset of each 
period and repeated 96 hours later; the feces obtained 
between the carmine markers w'as collected for analysis. 
The 4-day collection was mixed thoroughly; accurately 
weighed 2.0 gram samples were taken for the various 
determinations. All analyses were done in duplicate or 
triplicate. 

The chemical studies of the feces were carried out as 
follows : 

The calcium content was determined by first boiling 
the sample with concentrated nitric acid and potassium 
permanganate. After cooling, the mixture was diluted 
with distilled water to 100 (or 200) cc. volume and 
adjusted to the proper pH (4.6 to 5.2), using Brom Cresol 
green as' indicator. The procedure then followed was 
the same emploj'ed for blood serum (1). (Calculation: 

X 10 equals mgm. Ca per 1 gram feces.) 

TABLE II 

Composition of diet employed in cases 
C. D. and W. G. 

(Daily values) 



Special 

diet 

Standard 
values 70 kgm. 
adult male 

Carbohydrate 

266 


Protein 

58 


Fat 

163 


Calories 

2763 


Chloride (mgm.) . 

3047 


Sodium (mgm.) 

2014 


Calcium (mgm.) 

1140 

800 

Phosphate (mgm.) 

1300 

1320 

Iron (mgm.) 

7 

12 

Vitamin A (I.U.) 

6200 

5000 

Thiamin (mgm.) 

1.0 

1.5 

Riboflavin (mgm.) 

1.2 to 2.4 

2.2 

Ascorbic acid (mgm.) 

5 to 30 

75 

Vitamin D (I.U.) 

160 to 385 



- There was no instance of diarrhea. 


47 



48 


JOSEPH B. KIRSNER 


For determining the chloride content, 5.0 cc. of a 0.1 N 
solution of silver nitrate were added to 2.0 gram samples 
of feces and the mixtures allowed to stand for several 
hours. Digestion then was carried out as with the cal- 
cium analysis. The mixtures were cooled, 5 per cent 
ferric alum added as indicator, and then titrated with a 
0.1 N solution of potassium thiocyanate. (Calculation: 

5— titer X 3.5 , 

2 equals mgm. chloride ion in 1.0 gram 

feces.) 

The phosphate in the feces was determined in Case 
C. D. by wet ashing of the samples with nitric and sul- 
phuric acids and, when necessary, supcroxal. The mix- 
tures then were cooled, adjusted to known volume with 
distilled water, and the phosphate content measured by 
the Fiske-Subbarow method (2) as adapted for the Eve- 
lyn photoelectric colorimeter. In Cases A. K. and W. G., 
the samples of feces were ashed in a muffle furnace and 
the analyses then carried out as above. 

In Case A. K., the sodium content of the feces was 
measured by the following procedure: 20 cc. of ferric 
sulphate and 3 cc. of concentrated sulphuric acid were 
added to 10 gram samples. The mixtures were dried in 
an oven and then ashed in a muffle furnace. The ash 
was taken up in 10 cc. of distilled water and 3 cc. aliquots 
were analyzed for sodium by the method employed for 
blood (3). 

The potassium content of the feces in Case A, K. was 
determined as follows: 2,0 gram samples of feces were 
dried in an oven and then ashed in a muffle furnace, ■ The 
ash was taken up in 10 cc. of distilled water and 1,0 cc. 
aliquots were analyzed by the procedure used for blood 
(4). 

Twenty-four hour collections of urine were obtained 
throughout the study. The urine was voided directly into 
a bottle containing toluene as a preservative and a layer 
of mineral oil to prevent the escape of CO- (5). The 
urine was kept in an icebox and analyzed at the end of 
each collection for the following: (a) pH, using the 
Beckman pH meter, (b) chloride (6), (c) calcium, (d) 
phosphate, and (e) amino-nitrogen plus ammonium salts 

(7).s 

The sodium content of the urine in Case A. K. was 
measured by the same technique employed for blood, modi- 
fied as to the volume used; ferric salt was added in 
amounts sufficient to prevent interference by phosphates. 
The urinary potassium was determined as follows ; 2.0 cc. 
samples of urine were ashed in a muffle furnace and the 
ash taken up in 10 cc. of distilled water; 2.0 cc. aliquots 
then were concentrated and analyzed by the method em- 
ployed for blood. 

Simultaneous studies were made of the serum electro- 
lytes, Venous blood drawn under oil was utilized for the 
following analyses: chloride, CO- (8), pH (9), calcium, 
and phosphorus. Oxalated blood was used for the meas- 
urement of the blood urea nitrogen (10). The following 

3 Referred to in the text as "ammonia" for the purpose 
of simplicity. 


additional data were obtained in Case A. K. : cell volume, 
scrum water (11), blood sodium, potassium, and total 
base (12), and the urea clearance (13). 

After control values had been established, the effects 
of calcium carbonate, aluminum phosphate, and aluminum 
hydroxide were 'studied in individual periods. A 4 to 5 
day interval for adjustment to the added medication was 
allowed prior to the analyses. Calcium carbonate was 
administered in 2,0 gram amounts 10 times daily: 80 
grams (400 m.cq.) were thus given in a 4-day period, 
containing 32 grams of calcium ion. One hundred and 
five cc. of aluminum phosphate were administered daily 
in divided doses; a total of 420 cc. (35 m.eq. HPO«) in 
a 4-day period containing, by analysis, 386 mgm. of chlo- 
ride, 4368 mgm. of phosphate, and 2625 mgm. of aluminum 
(14). One hundred and five cc, of aluminum hydroxide 
were given daily in divided doses ; a total of 420 cc. in a 
4-day period containing 386 mgm. of chloride and 4716 
mgm. of aluminum. Complete mineral balances were not 
obtained since no attempt w'as made to measure the loss 
in the insensible perspiration or sweat. This loss pre- 
sumably was constant, however, through the various pe- 
riods in each case, since fairly constant conditions were 
maintained. The results are considered exclusively in 
relation to the individual control values. 

RESULTS 

The complete data are recorded in Tables III 
and IV. 

DISCUSSION 

(1) Calciwn carbonate 

The ingestion of 400 m.eq. daily, as calcium 
carbonate, was roughly accounted for by increase 
in total outgo, almost entirely in the stools. The 
increase in excretion in the urine was, for the pa- 
tient A. K., only 7.3 m.eq., and for the other 2 
patients, C, D. and W. G., 13.9 m.eq. and 14.1 
m.eq., respectively. As was to be expected with 
the large addition to calcium excretion in the stools 
(15), there was an increase of HPO 4 in the feces. 
For A. K. and W. G., the outgo in the stools was 
about double the fore-period values. These incre- 
ments were, however, somewhat more than offset 
by a decrease in the removal of HPO 4 in the urine. 
The increase in calcium and decrease in HPO4 
excretion in the urine together markedly reduced 
the requirement for ammonium production as 
noted in Table III. Other compounds of acid- 
base excretion, however, are related to the change 
in ammonium production. For the patient A. K., 
a small increase in Na and decrease in Cl, and a 
considerable reduction of K, were found. The re- 
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TABLE IV 


Efai cf c'Acium fr.rhn-.cte, alumir.um pknsphatf, and aluminum hydroxide on various consliluer.ts of the blood plasma 


SaF'frt 

cf Hedy 

Cl 

COi 

pH 

n 

Ca 

K 

N'a 

Total 

base 

BuN 

Urea 

clearana 

Cell 

: volume 

Scnim 

vrater 


Fore-pcricKl I 

r!.U 

101.9 

’./t. 

30.9 

7.43 

1.26 

4.9 

«. e 

5.30 

?./L. 

143.0 

155.3 

mim, 
fCT unt 

15.4 

per cent 
cTeraze 
normal 

66 

per cerJ 

40.4 

STcms 
per cent 

91.1 

.A. K. 

Unit Xo. 
14S7j6 

Female 
A£;c 63 

Gastric 

ulcer 

Fore- period II 

102.2 

31.8 

7.47 

1.29 

4.7 

5.20 

144.3 

153.3 

14.6 

81 

37.0 

90.97 

Calcium 
carbonate I 

100.7 

31.7 

7.50 

1.35 

5.75 

5.20 

147.9 

160.0 

17.0 

44 

41.0 

90.42 

Calcium 
carbonate 11 

100.5 

31.9 

7.44 

1.19 

5.35 

5.00 

145.2 

158.5 

17.8 

65 

41.5 

90.68 

Caldum 
carbonate III 

103.1 

29.7 

H 

1.22 

5.1 

5.30 

145.0 

156.1 1 

15.5 

65 

37.5 

91.14 


After-period 

100.2 

30.9 

7.43 
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5.1 

5.30 S 

1 

143.8 


13.2 

76 

37.2 

91.06 


Fore-period 

101.7 

29.6 

7.46 

1.32 

5.05 




9.4 




C. D, 
Unit Xo. 

Calcium 

carbonate 

99.6 

29.6 

7.46 

0.97 

5.15 




13.5 




■Male 
Age 37 

Duodenal 

ulcer 

Aluminum 
phosphate I 

103.4 

28.4 

7.48 

1.0 

5.7 




1 

! 12.0 
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Aluminum 
phosphate II 
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7.46 

1.22 

5.5- 
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I 

I 
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10.0 
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7.47 
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5.25 




15.4 
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14.2 
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carbonate 

95.6 

29.9 
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5.1 




13.8 




Male 
Age SI 

Aluminum 

phosphate 

106.9 

28.2 

7.42 

1.40 

4.75 




16.3 




Gastric 

ulcer 

Aluminum 

hydro.xide 



7.41 

1.40 

5 . 05 , 




14.0 





maining components, Mg, SO^, and organic acids 
were not measured. The accuracy of ammonium 
adjustment is shown by the slight extent of change 
in urine pH. For the patient W. G., a consider- 
able, and for C. D., a much larger, reduction of 
chloride in the urine was found. Excretion of 
this anion in the urine is known to fluctuate widely 
even in the presence of a constant intake (16, 17). 

The changes in mineral excretion induced by 
calcium carbonate occurred within 24 hours after 
the addition of the alkali to the regimen. Mineral 
excretion returned to original levels almost equally 
soon after the discontinuation of calcium carbonate 
therapy. 

The use of calcium carbonate did not alter the 
electrolyte constitution of the blood plasma (Ta- 
ble rv). 


(2) Alumimmt phosphate 

The ingestion of 35 m.eq. HPO^ as aluminum 
phosphate caused a roughly equivalent increase in 
the stools and had no appreciable effect on HPO 4 
output in the urine. Calcium excretion in the 
stools was to a slight extent reduced. There was 
no appreciable change in the calcium output in the 
urine. Some increase in chloride and, also, am- 
monium excretion in the urine was found. A 
relationship of these changes to phosphate inges- 
tion was not apparent. No alterations were noted 
in the electrol}4e components of the blood plasma. 

(5) Aluminum hydroxide 

Aluminum hydroxide caused a considerable in- 
crease in HPO 4 excretion in the stools, as demon- 
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strated by the data from the two periods of study. 
This finding is in agreement with the results ob- 
tained by other workers (18). A roughly equiva- 
lent decrease of the excretion of HPO 4 in the 
urine was found and, along with it, the to be ex- 
pected reduction of ammonium. For patient 
C. D., this was exactly equivalent to the decrease 
of HPO4. The total outgo of HPO4 was not in- 
creased. Aluminum hydroxide did not alter the 
electrolytes of the blood plasma, thus confirming 
previous observations (19). 

CONCLUSION 

The ingestion of calcium carbonate, aluminum 
phosphate, or aluminum hydroxide, in the quanti- 
ties used in the treatment of peptic ulcer, places 
no appreciable burden on the processes of acid- 
base metabolism. The necessary adjustments of 
acid-base excretion are relatively small and are 
accomplished with a remarkable precision. 

The electrolyte constitution of the blood plasma 
is not disturbed. 

The author gratefully acknowledges the generous aid 
given by Dr. Janies L. Gamble in the preparation of the 
paper and the valuable technical assistance of Miss Jac- 
queline S. Front. 
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The control of the puhnonntA- ventilation is a 
central problem in the physiolopj- of muscular ex- 
ercise. The hypothesis that the respirator}- center 
is stimulated hy chemical changes in llic arterial 
blood has been defended hy Gescll (1), Haldane 
(2), and Henderson (.^). v In addition to this type 
of stimulation, Krogh and Lindhard (4) have dis- 
cussed tile anticipator}- hyperventilation preceding 
and immediately following the onset of exercise. 
Tliis they attribute to cerebral cortical stimulation. 
Recently, Harrison and his associates (5, 6) have 
maintained that the stimulus for the increase in 
pulmonary- ventilation in men and dogs during very- 
moderate exercise, either active or passive, is not 
chemical, but is reflex. Comroe and Schmidt (7) 
confirmed these findings in anesthetized dogs, us- 
ing either electrical stimulation of the lumbar ante- 
rior spiral roots, or else passive movements of the 
limbs. In view of the importance of this problem, 
we have repeated Harrison’s experiments, which 
use light exercise, and have extended them to in- 
clude a more strenuous grade of exercise, in which 
the changes in ventilation are larger and more 
consistent from experiment to experiment and 
from subject to subject. 

EXPERIMENTAL METHODS 

Two different types of experiments have been made: 

(I) In the first type, using the arm muscles of recum- 
bent subjects, ventilation was measured: (a) at rest; (b) 
at rest, with the circulation of both arms cut off at the 
level of the distal insertion of the deltoids; (c) during 
exercise of the flexors of the hand, with the circulation 
normal; (d) during the same exercise continued to ex- 
haustion, with tlie circulation cut off ; (e) immediately 
after restoration of the circulation. After each period 
of exercise the subject was allowed to rest until he re- 
gained his basal condition. The exercise consisted in 
squeezing inflated rubber bulbs with each hand 60 times 
per minute at a rate of work of 12 kilogrammeters per 
minute for minutes, or squeezing a bulb with one 
hand and moving an ergograph with the other. Sphyg- 


momanometer cuffs inflated to 200 mm. Hg were used to 
cut off the circulation. 

(2) In the second tj-pe, the leg muscles were used. The 
subject walked on a motor-driven treadmill, at a grade 
of 8.6 per cent, and a speed of 2.4 or 3.5 m.p.h., until a 
steady state was reached.- While still walking, the circu- 
lation of both legs was cut off by inflating, to a pressure 
of 200 mm. Hg, sphygmomanometer cuffs placed around 
the legs at the level of the distal insertion of the gluteal 
muscles. After a given time, usually minutes, the 
pressure was relieved and the subject continued to walk, 
until the previous steady state was reached, usually within 
10 minutes. Ventilation was measured during this steady 
state, then during the ischemia, and finally after release 
of the pressure. 

RESULTS 

Table I shows the results of the first type of 
experiments, in which recumbent subjects exercise 


TABLE I 

Pulmonary ventilation of recumbent normal subjects 
under conditions stipulated 




Condition of subject 

Sub- 

ject 

Experi- 

ment 

number 

Rest- 

ing 

Resting 

and 

ischemic 

Exer- 

cising, 

no 

ischemia 

Exer- 

cising, 

arms 

ischemic 

Resting, 

first 

minute 

after 

ischemia 




liters Per 

minute, dry at S.TJ’ 


Bar 

1 

6.90 

7.00 

8.10 

7.30 

12.4 


2 

7.50 

8.20 

8.90 

8.90 



3 

7.20 

8.00 

8.50 

8.50 

13.0 


4 

6.40 

7.60 

7.60 

7.00 

12.2 


5 

6.80 

7.80 

8.10 

7.80 

14.5 


6 

6.80 

7.50 

9.00 

8.10 



7 

6.70 

6.90 

6.80 

7.10 

13.5 


8 

6.70 

6.70 

7.30 

7.30 

12.5 


9 

6.72 

7.20 

7.20 

7.20 

16.0 


10 

7.00 

7.80 

7.20 

7.00 

Mor 

1 

6.70 

9.00 

8.90 

8.90 

12.3 


2 

7.74 

7.74 

8.40 

7.90 

12.3 


3 

7.80 

8.20 

7.90 

9.10 

13.1 


4 

6.80 

7.60 

7.70 

7.80 


5 

6.80 

6.90 

8.60 

9.10 



6 

7.95 

8.20 

8.45 

8.00 



7 

6.75 

6.80 

7.43 

6.75 



8 

7.80 

7.85 

7.85 

7.20 

12.8 


9 

8.10 

8.00 

9.90 

9.00 


10 

7.80 

8.00 

9.50 

10.00 

15.0 


11 

6.90 

8.10 

9.10 

■ 8.00 


Hoi 

1 

6.80 

8.10 

8.50 

8.20 

14.0 


2 

6.50 

7.10 

8.80 

8.20 

12.0 


’^Rockefeller Fellow. 
-Pan-American Fellow. 
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rith rlbta TTT n? W It should be compared m standardizing the work, we decided to employ 
™th Table III of Harnson (5), and differs from a well-standardized exercise, easy to control, and 
r s results m the following ways; (I) mere ische- producing relatively large changes in ventilation 
mia nearly always produced a slight increase in In this way, we hoped to get consistent, clear cut 
ventilation at rest; (2) exercising the flexors of . results, 
the hands, without ischemia of the arms, always in- 
creased the ventilation, but to a far smaller extent 


than shown by Harrison; (S) exercising the flex- 
ors of the hands with the arms ischemic usually 
produced a decrease in ventilation below the value 
for the same exercise with circulation intact; (4) 
release of the ischemia produced at once a marked 
increase in ventilation (this increase was not re- 
marked upon by Harrison (5), nor is it shown in 
his tables) ; (5) the changes were so small that 
their significance is hard to evaluate, except in the 
case of the marked hyperventilation after ischemia. 

Our results, therefore, lead to the following 
conclusions: (?) that ischemia during exercise of 
this very mild sort usually results in diminution 
in ventilation in comparison with exercise with 
normal circulation; and, (2) that after ischemia is 
released, a large increase in ventilation occurs. 
These findings can only be explained by chemical 
stimulation of the respiratory centers and not by 
reflex stimulation. In these experiments, the ex- 
ternal work was about 12 kilogr ammeters per min- 
ute, and the extra oxygen consumption of the sub- 
jects was only about 30 cc. per minute, a figure 
which agrees well with the calculated work done. 

In view of the small changes in ventilation pro- 
duced by this type of exercise, and the difficulty 


Table II shows typical results of experiments 
with subjects walking on the treadmill, first in a 
steady state, then with ischemia of both legs, and 
finally after the release of the ischemia (cf. experi- 
ments of type 2 in Experimental Methods). The 
data for ventilation in the first one or two experi- 
ments on each subject show some variability. 
However, after the subjects became used to the 
discomfort of the experimental condition, ischemia 
always produced a marked decrease in pulmonary 
ventilation, to be followed after release of the 
ischemia by a marked rise above the level of the 
steady state and a return, within 10 minutes, to 
the level of the steady state. It will be seen that 
ischemia in every experiment produced a marked 
decrease in the oxygen consumption, and release 
of the pressure was always followed by a marked 
increase above the level of the steady state. 

The data in Table II lead to the following con- 
clusions and interpretations : 

(1) Subjects must be exposed to this type of 
experiment several times before the results be- 
come reliable. 

(2) Even though the nervous connections re- 
main intact, total ischemia of the legs during walk- 
ing causes a decrease in the pulmonary ventilation. 


TABLE II 

Pulmonary v&ntilation and oxygen consumption in normal men walking at a speed of 3.5 m.p,h. and a grade of S:6'per.j:enl^ 


Subject 

Condition 

Pulmonary ventilation 

Oxygen consumption 

1st expt. 

2nd expt. 

3rd expt. 

4th expt. 

1st expt. 

2nd expt. 

3rd expt. 

4th expt. 




liters per minute 



liters per minute 


Bar 

Steady state, no ischemia 

46.3 

43.0 

43.7 

43.7 

1.485 


1 1.500 

I 1.525 


During ischemia 

43.4 

43.9 

36.9 

38.2 

1.115 





First minute after ischemia 

64.0 

54.5 

65.4 

55.4 

1.860 


BIKiifl 



Ten minutes after ischemia 

48.0 

44.5 

44.2 

44.0 

1.500 


It III 


Mor 

Steady state, no ischemia 

29.6 

34.0 

36.7 

36.0 

1.320 

1.400 

1.360 



During ischemia 

28.0 

39.2 

29.9 

33.5 

1.000 

1.090 

1.100 



First minute after ischemia 

43.2 

54.3 

46.3 

50.1 

2.210 

2.000 

2.100 



Ten minutes after ischemia 

32.1 

33.6 

38.8 

35.2 

1.320 

1.420 

1.400 

1.410 

Con 

Steady state, no ischemia 

48.6 

48.0 

45.0 


2.490 

2.400 

2.480 



During ischemia 

45.4 

43.0 

43.2 


1.560 

1.610 

1.680 



First minute after ischemia 

70.5 

70.0 

68.8 


3.425 

3.510 

3.240 



Ten minutes after ischemia 

48.2 

50.0 

47.0 


2.480 

2.390 

2.490 
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The ytinnihis to vciililation during walking must 
tlicrcforc be chiedy of chemical, not reflex, origin. 

(S) After release of the isclicmia, even though 
the nervous connections remain unafTcctcd, there 
is a marked increase of ventilation which must be 
caused by clicmical stimuli. This conclusion has 
Irccn verified by estimation of the blood lactate, 
and the results will be discussed elsewhere (8). 

DISCUSSION 

Our results are in agreement with the hypotheses 
of Gcsell (1). Haldane (2), and Henderson (3) 
that the respiratory centers are stimulated chemi- 
cally, whether it be bj' the pH of the arterial blood, 
or by other circulating factors aficcting the intrin- 
sic metabolism of the centers, and with the findings 
of Jarisch and Gaisbock (9) with resting men, in 
whom ischemia was accomplished by a significant 
decrease in oxygen consumption, and in whom, 
relief of the ischemia produced at once a hyper- 
ventilation with increased oxygen consumption. 

The discrepancies between our results, using 
verj- light e.\ercise, and Harrison's (5) are diffi- 
cult to explain. It is possible that the anticipatory 
hypeiwentilation shown by Krogh and Lindhard 
(4) plays some part in Harrison’s results. We 
have found that even subjects well accustomed to 
the procedures involved in studying muscular ex- 
ercise in the laboratorj-, showed variable results 
during the first few experiments, and only after 
several days began to give consistent results. In 
our experience, no normal subject accustomed to 
the experimental procedure has had a ventilation 
as high as those reported by Harrison (5), under 
experimental conditions similar to his. The chief 
difficulties with using light exercise are that the 
work is hard to standardize, and that the changes 
in ventilation are small. When a heavier grade of 
work is used, these difficulties disappear, since 
voluntary and subconscious factors which can 
easily influence pulmonary ventilation in man at 
rest or doing very light exercise, become less and 
less effective with increasing rates of muscular 
work. In fact, during exercise that exhausts 
within a few minutes, voluntary alteration of the 
pulmonary minute-volume is virtually impossible. 

All of the results reported in the present paper 
are consistent with the hypothesis that increase in 
ventilation in exercise is caused predominantly by 


chemical stimulation, and not by reflex stimulation 
from the leg. 

SUM.MARY 

1. The increase in pulmonary ventilation has 
been studied in normal men exercising the limbs, 
first with normal circulation, and then wdth the 
circulation cut off by pressure from inflated cuffs. 

2. Very' light exercise (at a rate of 12 kilo- 
grammeters per minute) of the flexors of the 
hand during total ischemia of the arms usually 
resulted in a smaller ventilation than when the 
arms had normal circulation. Release of the 
ischemia was followed at once by' a marked hyper- 
ventilation. 

3. In subjects walking uphill on a treadmill (at 
a rate of 700 kilogrammeters per minute for a 90 
kilo subject), total ischemia of both legs resulted 
in a marked diminution of pulmonary ventilation, 
even though the nen'ous pathways were intact, 
and release of the ischemia was followed at once 
by a marked hyperventilation, much higher than 
the value prior to ischemia. 

4. These results are interpreted to mean that 
the chemical stimulus for increased ventilation in 
exercise of these types is far more important than 
the reflex. 

5. The discrepancies behveen our results and 
Harrison’s (5) are perhaps due to the fact that 
consistent results are found only after the subjects 
have become well accustomed to the experimental 
procedures by several repetitions of the experi- 
ments, and when exercise of sufficient severity is 
used so that the changes in ventilation and oxygen 
consumption are relatively large in magnitude. 

We wish to thank Drs. Robert Johnson, Robert Darling, 
and William Forbes, and the other members of the labora- 
tory for their help in this work. 
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ATYPICAL PNEUMONIA AND PSITTACOSIS 
Hr JOSEPH E. S.MADEL 
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(Rcccivcfl for publication July 24, 1942) 


AuciUion hns been focu.'cd in recent years on 
tbc acute infections pnlmonar}- tliscasc wliich, for 
'vant of a better natne, bas been called “atypical 
pnenmonia." Many descriptions of this type of 
malady have ajipcared (1 to 10). and several dif- 
ferent non-bactcrial infections agents have been 
incriminated or identified as the cause of certain 
of the ontbre.ahs (3. 10 to 14). Tlic.'e findings 
indicate that atypic.al pneumonia is a clinical- 
pathological entity which has a diverse ctiolog}'. 
One of the first approaches to the problem of 
at}-pical pneumonia should be the establishment of 
an etiological diagnosis whenever possible. In 
this way, certain types of eases can be removed 
from the general group and studied in a more in- 
telligent manner. 

The fact that infection with psittacosis virus is 
responsible for certain cases of non-bacterial pneu- 
monia is well recognized. For example, pulmo- 
nary consolidation is a characteristic feature of 
classical psittacosis in man, caused by psittacine 
strains of the virus (15). Furthermore, Eaton 
and his co-workers (13) have demonstrated that 
a strain of psittacosis ^drus, which is practically 
indistinguishable (13, 16 to 18) from the agent 
designated meningopneumonitis by Francis and 
Magill (19), can cause pneumonia and death in 
human beings. Finally, Meyer and his associates 
. (20 to 22) have emphasized the role of other mem- 
bers of the psittacosis group in producing broncho- 
pneumonia; recently, they have laid stress on the 
transmission of certain strains of the virus to man 
from infected pigeons and chickens. 

It is appropriate to discuss at once the confusion 
that exists regarding the exact relationship of a 
number of viruses, which have been isolated by 
several groups of workers from different sources, 
and which have many characteristics in common 
with one another and with classical psittacine 
strains of the virus of psittacosis. Thus, Rake, 
Eaton and Shaffer (16) have demonstrated that 
sera of patients convalescent from lymphogranu- 
loma venereum, from psittacosis of parrot or 


pigeon origin, and from the pneumonitis studied by 
Eaton, all possess an antibody which fixes comple- 
ment in the presence of antigen prepared from the 
virus of l}Tnphogranuloma venereum, of psitta- 
cosis, or of meningopneumonitis. Furthermore, 
these workers, as well as Pinkerton and Moragues 
(17), have noted similarities in the morphological 
and tinctorial qualities of these viruses, and in the 
character of the lesions produced by them in ex- 
perimental animals. Although certain differences 
in the morphological and antigenic properties of 
the nruses and in the disease they produce in 
experimental animals have suggested that they^ are 
not identical (16 to IS, 23, 24), these obser\'ed 
differences are less impressive than the similarities. 
Because of the obn'ously dose relationship of the 
druses and because of their tendency to produce 
latent infections with the persistence of immuno- 
logical phenomena, rigid diagnostic criteria must 
be fulfilled before one can state that a given acute 
infection is caused by a member of this group of 
agents. 

This report concerns itself primarily with the 
incidence of infections caused by strains of the 
psittacosis drus among patients with atypical 
pneumom'a, who were encountered in a random 
sampling of the disease in large eastern urban 
areas, 

MATERIALS AXD METHODS 

Serological studies. Samples of patients’ sera were 
studied for antibodies against the viruses of psittacosis, 
Ij-mphocytic choriomeiungitis, influenza A, and influenza 
B. Titrations of influenza antibodies were made by Dr. 
F. L. Horsfall, Jr., of the Rockefeller Hospital as part 
of a cooperative investigation on the etiology of atypical 
pneumonia. 

Psittacosis. Psittacosis antigen for complement fixation 
titrations with patients’ serum was prepared from agar 
slant culture material (25), infected with the 6 BC strain 
of virus isolated from a parakeet bj* Dr. K. F. ifeyer in 
1941. Our methods for the preparation of suspensions of 
washed inactive virus and our technique of complement 
fixation are modifications of those recommended by ileyer 
and Ya n a m ura (26). Antigen is prepared as follows: 
Infected tissue is removed from the agar surface of one 
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Kolle flask, which had been inoculated 5 days previously 
with minced chicken embryo tissue and culture virus, and 
triturated with SO cc, of buffered water, i.e., Sorensen’s 
phosphate buffer, pH 7.6, diluted 1 : 50. The tissue sus- 
pension is centrifuged in 25 cc. amounts in SO cc. centri- 
fuge tubes, at 3000 r.p.m., for 10 minutes in the Inter- 
national machine. The supernatant fluid is saved for high 
speed centrifugation and the sediment is thoroughly re- 
suspended in 40 cc. of buffered water and recentrifuged; 
again the supernatant fluid is saved. The fluid obtained 
from the first centrifugation is placed in capped lusteroid 
tubes and spun at 12,400 r.p.m., in the angle centrifuge 
of Pickels (27), for 30 minutes in the cold room. The 
supernatant fluid is discarded and the sediment material 
is resuspended, by means of a capillary pipette, in the 
fluid saved from the second preliminary run in the Inter- 
national machine. This suspension is again spun at 12,400 
r.p.m. for 30 minutes, and the resultant sediment is re- 
suspended in 50 cc. of physiological saline solution, buf- 
fered at pH 7.6. This preparation of washed virus is 
freed of large aggregates by a final centrifugation at 2000 
r.p.m. for 10 minutes. A portion of the material is saved 
for a titration of its infectivity; such material, when 
inoculated into mice by the intracerebral route, generally 
has a titration endpoint of 10'’' to lO*®. The suspension 
of virus is rendered non-infectious by heating in a steam 
bath at 100 C. for 30 minutes. Only non-infectious anti- 
gens are used in the complement-fixation tests. 

The complement-fixation test is performed as follows: 
0.2 cc. amounts of antigen, 2 units, are mixed with 0.2 
cc. volumes of serial two-fold dilutions, beginning at 1 : 8, 
of the serum to be tested, and then 0.5 cc. of diluted com- 
plement, 2 units titered in the presence of antigen, are 
added. After the mixture has been incubated for 2?^ 
hours at 37 C, the hemolytic system is added; this con- 
sists of 0.2 cc. of hemolysin appropriately diluted to con- 
tain 2 units and 0.5 cc. of a 2 per cent suspension of 
washed sheep erythrocytes. The test materials are incu- 
bated at 37° C. for one-half hour when final readings are 
made. Titration end points are estimated on the basis of 
the last tube showing complete or three plus fixation, and 
the titer represents the dilution of serum originally added 
to that tube. In addition to the controls usually employed 
in complement fixation tests, each serum is titered against 
a control antigen which is prepared in exactly the same 
way as the test antigen, except that the culture flask is 
not infected with virus. 

Lymphocytic chofiomenhigitis. Soluble antigen of 
lymphocytic choriomeningitis was employed in the com- 
plement fixation tests for antibodies against this virus 
infection. Instead of our usual technique (28) for dem- 
onstrating fixation with choriomeningitis materials, a 
modification of the procedure described for the psittacosis 
test was adopted in order to simplify the work. The two 
methods gave equally satisfactory results with chorio- 
meningitis, but the former was less desirable for psitta- 
cosis. Samples of serum from each patient were titered 
for antibodies against the soluble antigen of choriomenin- 
gitis over the range of dilutions from 1 : 2 to 1 : 32. Pre- 


vious work had demonstrated that these immune sub- 
stances are detectable in human sera during only a few 
weeks in convalescence, i.e., usually between the. third and 
sixth weeks (28). Therefore, results were recorded as 
negative only for those patients whose sera taken during 
this period failed to fix complement in the presence of 
soluble antigen. 

Influcusa A and B, Samples of serum were titered 
for antibodies against influenza A and B. by means of the 
agglutination-inhibition technique of Hirst (29). Serial 
two-fold dilutions of the serum to be tested were prepared, 
and to 0.5 cc. amounts of each dilution were added 0.5 
cc. volumes of suspensions of A and B virus, obtained 
from allantoic fluid of infected eggs; the PR-8 and Lee 
strains, respectively, were employed. Suspensions of 
virus for the test were known to contain 4 units of active 
material, i.e., 4 times the concentration which caused 
clumping of 50 per cent of the chicken erythrocytes in a 
test suspension (29). One cc. amounts of a 1.5 per cent 
suspension of washed chicken red cells were then added 
to the serum-virus mixtures, and readings were made 
after the tests had stood for an hour at room temperature. 
The titer of antibody was taken as the highest dilution 
of serum which was capable of inhibiting the agglutination 
reaction sufficiently to prevent the aggregation of half 
the red cells. 

The diagnostic importance of demonstrating a rise in 
titer of antibodies of influenza viruses in the sera of 
patients during convalescence has been emphasized (30) ; 
therefore, whenever possible, a sample of serum taken 
during the first few days of illness and one taken later 
were tested. When this was not feasible, the antibody 
levels in single convalescent sera were determined. While 
too great diagnostic significance cannot be attached to the ■ 
results obtained with a single serum, certain ranges of 
antibody levels have been reported for apparently normal 
individuals (31). Therefore, one can say that the titers 
are within the normal limits and that the patient probably 
had not had a recent infection, or that the antibody level 
for one of the viruses is distinctly elevated and that the 
patient may have had contact with this virus within the 
last few months. ‘ " 

Isolation of psittacosis virus. Isolation of virus from 
human material was attempted in only a few instances; 
this was due in part to the scarcity of proper specimens. 
For example, only one of the 2 patients who contracted 
psittacosis from infected pigeons of tlie G. flock coughed 
up sputum and this individual produced only 2 specimens ; 
yet both patients presented x-ray evidence of extensive 
pulmonary consolidation. Specimens for virus studies, i.e., 
sputum, throat washings, and lung tissue, were stored 
at — 70 C., generally until the results of serological tests 
were available. Only materials from the patients whom 
we suspected of having psittacosis were examined in our 
laboratory. Specimens from patients with atypical pneu- 
monia unassociated with psittacosis were investigated by 
Dr. F. L. Horsfall, Jr. 

A study of the characteristics of the strains of virus 
of the psittacosis group which were isolated from the 2 
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Sporadic cases of atypical pneumonia. A virus 
of the psittacosis family was isolated from sputum 
of one patient and from lung tissue of another. 
The diagnosis of psittacosis which was made on 
the remaining 7 persons depended entirely on 
results of serological studies. A summary of per- 
tinent data on the 10 cases of proved psittacosis 
is included in Table I, together with information 
on the findings in the remaining 35 members of 
the group with atypical pneumonia. 

Psittacosis virus may have been of etiological 
importance* in 5 additional patients with atypical 
pneumonia but this remains unproved. Only the 
results of serological investigations implicate the 
virus in the disease of these 5 individuals, and, 
although each person had significant amounts of 
complement fixing antibodies in his convalescent 
serum, none developed a fourfold increase in titer 
of these substances during the period of study. It 
is not unlikely that we have been too drastic in 
our choice of minimal standards for the diagnosis 
of psittacosis infections in human beings, and that 
some or all of these 5 patients should be included 
as cases of psittacosis. Indeed, Meyer (20) did 
not hesitate to make the diagnosis of psittacosis in 
2 women (O. W. and E. W., patients of Dr. 
George S. Mirick of the Rockefeller Hospital) on 
the basis of his serological studies, although the 
evidence in these 2 instances was no more im- 
pressive than that obtained on C. M. and F. S. 
(Table I). Nevertheless, until increased experi- 
ence is gained in this field where serological re- 
actions are so involved, it seems preferable to 
maintain a conservative viewpoint. 

Atypical pneumonia unassociated with psittacosis 

Thirty of the 45 persons with atypical pneu- 
monia presented no evidence of recent infection 
with a virus of the psittacosis group (Table I). 
Several samples of serum, taken at intervals after 
onset of pneumonia, were available from 23 of the 
30 patients; none of these sera contained appre- 
ciable amounts of antibodies which reacted with 
psittacosis antigen. Lung tissue obtained at post- 
mortem examination from 2 of the 30 persons, and 
throat washings and sputum from another patient 
who recovered, all failed to yield a virus of the 
psittacosis group despite persistent efforts of the 
type which had proved successful with material 


from other patients. Single specimens of serum, 
drawn during the second month of convalescence, 
were available from 5 patients; these also gave 
negative results in our test for antibodies of 
psittacosis. 

It is axiomatic in virus research that a negative 
result, i.e., the failure to isolate a viral agent or to 
demonstrate an immune response in a host, is less 
significant than a positive result. Therefore, one 
can only say that it is highly unlikely that 25 pa- 
tients (23 from whom several samples of serum 
were obtained and 2 who died) of the group had 
an infection with the virus in question. Discus- 
sion might arise concerning the validity of the 
assumption that psittacosis was unrelated to the 
illness of those 5 individuals whose serum was 
examined only between the 4th and 8th weeks. It 
is our experience, as well as that of others (35), 
that complement fixing antibodies generally per- 
sist in high titer for many weeks after infection 
with the virus of psittacosis. Therefore, we feel 
justified in our opinion that a negative result in 
the psittacosis test on serum taken rather late in 
convalescence is of considerable value in ruling 
out the diagnosis of psittacosis. This is in con- 
trast to the diagnostic value that may be assigned 
to the demonstration of psittacosis antibodies in a 
single sample of blood, drawn during this same 
period of recovery. 

Serological investigations, undertaken to deter- 
mine the incidence of influenza A and B and of 
lymphocytic choriomeningitis in the entire group 
of patients with atypical pneumonia, gave essen- 
tially negative results in all except 2 instances. 
None of the 37 patients on whom adequate mate-^ 
rial was available possessed demonstrable anti- 
bodies against antigen of choriomeningitis. Both 
of the persons who showed deviations from the 
normal levels of influenza antibodies were encoun- 
tered in the group of patients in whose disease 
psittacosis was not a factor. Serum of one of 
these, M. B., had a high titer of antibodies for 
influenza B virus (1 : 768) as early as the 9th day, 
and this level did not change materially during the 
10 weeks of observation. Serum from the other 
patient, T. L., showed an influenza A antibody 
level of 1:364 on the 6th day, and 1:64, four 
weeks later. It is possible that these 2 indi- 
viduals had recent infections with the viruses of 




6.2 


JOSEPH E. SMADEL 


sporadic cases of atypical pneumonia. A virus 
of the psittacosis family was isolated from sputum 
of one patient and from lung tissue of another. 
The diagnosis of psittacosis which was made on 
the remaining 7 persons depended entirely on 
results of serological studies. A summary of per- 
tinent data on the 10 cases of proved psittacosis 
is included in Table I, together with information 
on the findings in the remaining 35 members of 
the group with atypical pneumonia. 

Psittacosis virus may have been of etiological 
importance* in 5 additional patients with atypical 
pneumonia but this remains unproved. Only the 
results of serological investigations implicate the 
virus in the disease of these 5 individuals, and, 
although each person had significant amounts of 
complement fixing antibodies in his convalescent 
serum, none developed a fourfold increase in titer 
of these substances during the period of study. It 
is not unlikely that we have been too drastic in 
our choice of minimal standards for the diagnosis 
of psittacosis infections in human beings, and that 
some or all of these 5 patients should be included 
as cases of psittacosis. Indeed, Meyer (20) did 
not hesitate to make the diagnosis of psittacosis in 
2 women (O. W. and E. W., patients of Dr. 
George S. Mirick of the Rockefeller Hospital) on 
the basis of his serological studies, although the 
evidence in these 2 instances was no more im- 
pressive than that obtained on C. M. and F. S. 
(Table I). Nevertheless, until increased experi- 
ence is gained in this field where serological re- 
actions are so involved, it seems preferable to 
maintain a conservative viewpoint. 

Atypical pneumonia unassociated zvith psittacosis 

Thirty of the 45 persons with atypical pneu- 
monia presented no evidence of recent infection 
with a virus of the psittacosis group (Table I). 
Several samples of serum, taken at intervals after 
onset of pneumonia, were available from 23 of the 
30 patients; none of these sera contained appre- 
ciable amounts of antibodies which reacted with 
psittacosis antigen. Lung tissue obtained at post- 
mortem examination from 2 of the 30 persons, and 
throat washings and sputum from another patient 
who recovered, all failed to yield a virus of the 
psittacosis group despite persistent efforts of the 
type which had proved successful with material 


from other patients. Single specimens of serum, 
drawn during the second month of convalescence, 
were available from 5 patients; these also gave 
negative results in our test for antibodies of 
psittacosis. 

It is axiomatic in virus research that a negative 
result, i.e., the failure to isolate a viral agent or to 
demonstrate an immune response in a host, is less 
significant than a positive result. Therefore, one 
can only say that it is highly unlikely that 25 pa- 
tients (23 from whom several samples of serum 
were obtained and 2 who died) of the group had 
an infection with the virus in question. Discus- 
sion might arise concerning the validity of the 
assumption that psittacosis was unrelated to the 
illness of those 5 individuals whose serum was 
examined only between the 4th and 8th weeks. It 
is our experience, as well as that of others (35), 
that complement fixing antibodies generally per- 
sist in high titer for many weeks after infection 
with the virus of psittacosis. Therefore, we feel 
justified in our opinion that a negative result in 
the psittacosis test on serum taken rather late in 
convalescence is of considerable value in ruling 
out the diagnosis of psittacosis. This is in con- 
trast to the diagnostic value that may be assigned 
to the demonstration of psittacosis antibodies in a 
single sample of blood, drawn during this same 
period of recovery. 

Serological investigations, undertaken to deter- 
mine the incidence of influenza A and B and of 
lymphocytic choriomeningitis in the entire group 
of patients with atypical pneumonia, gave essen- 
tially negative results in all except 2 instances. 
None of the 37 patients on whom adequate mate-._.- 
rial was available possessed demonstrable anti- 
bodies against antigen of choriomeningitis. Both 
of the persons who showed deviations from the 
normal levels of influenza antibodies were encoun- 
tered in the group of patients in whose disease 
psittacosis was not a factor. Serum of one of 
these, M. B., had a high titer of antibodies for 
influenza B virus (1 ; 768) as early as the 9th day, 
and this level did not change materially during the 
10 weeks of observation. Serum from the other 
patient, T. L., showed an influenza A antibody 
level of 1 : 364 on the 6th day, and 1 : 64, four 
weeks later. It is possible that these 2 indi- 
viduals had recent infections with the viruses of 
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the psittacosis group of viruses. Diagnostic dif- 
ficulties are encountered among the patients who 
early in the course of their disease possess anti- 
bodies that fix complement in the presence of psit- 
tacosis antigen, but who develop no notable in- 
crease in the titer of these antibodies during con- 
valescence. At the present time, one is not justi- 
fied in assuming that infection with strains of the 
virus of psittacosis is responsible for the pneu- 
monic disease in this group of patients. Our ob- 
servations on sera of patients with lymphogranu- 
loma venereum are in agreement with those of 
Rake, Eaton and Shaffer (16), antibody in 
the sera of such individuals fixes complement with 
psittacosis antigen. Accordingly, rigid criteria 
have been established which must be fulfilled for 
each patient before we are willing to say that psit- 
tacosis virus is of etiological importance in that 
person’s illness. 

In this paper, the term “psittacosis” has been 
applied to the disease of the patients with atypical 
pneumonia caused by a psittacosis-like virus. 
Furthermore, reference has been made repeatedly 
to infection with strains of the virus of psitta- 
cosis. These expressions have been used because 
we think that the viruses isolated in our labora- 
tory from human beings and from pigeons have 
so much in common with classical psittacosis virus 
that they are merely strains of this agent. ' Simi- 
larly, we would designate the viruses described 
by others as meningopneumonitis (19), pneu- 
monitis (13, 16), and ornithosis (21) as strains 
of the virus of psittacosis. Certainly, the differ- 
ences between the agents just mentioned are no 
greater than those found among the strains of a 
number of viruses. As an example, one need 
only mention the virus of vaccinia with its nu- 
merous strains, some of which differ strikingly 
from the classical agent isolated from lesions of 
cowpox. If only the strains of virus discussed 
above constituted a specific group, then there might 
be justification for dividing the human disease 
which they cause into psittacosis and ornithosis, 
as Meyer has done (21, 22). However, we must 
reckon with the viruses of lymphogranuloma ve- 
nereum and of mouse pneumonitis (37) (and un- 
doubtedly others yet to be discovered), for they 
too belong in the family. Therefore, until suf- 
ficient data have accumulated to warrant a reason- 


able taxonomic approach to this confusing prob- 
lem, it seems preferable - to employ the term 
psittacosis-lymphogranuloma virus for this entire 
group, just as the expression vaccinia- variola virus 
is applied to that group of agents. Furthermore, 
until the situation is clarified, it appears reasonable 
to speak of the members of the family as strains 
of the viruses of psittacosis and of lymphogranu- 
loma venereum, depending upon which one of 
these the agent in question resembles more closely. 

SUMMARY 

Ten of the 45 sporadic cases of atypical pneu- 
monia encountered among large eastern urban 
populations were caused by infection with strains 
of the virus of psittacosis. Five additional cases 
in the series may have had psittacosis but the diag- 
nosis was indefinite because of the failure to 
demonstrate a significant rise in antibody titer in 
the convalescent sera of these patients. In no 
instance was the virus of lymphocytic choriomenin- 
gitis associated with the illness of individuals in 
the group, and in only two instances was influenza 
virus even suspected as a possible etiological agent. 

The importance of establishing an etiological 
diagnosis in cases of atypical pneumonia is empha- 
sized and the essential laboratory data necessary 
for such a diagnosis are discussed. 

The author wishes to thank Miss Margaret J. Wall 
and Miss Elizabeth M. Kolb for their valuable assistance. 
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The term ‘‘Bciicc-Joncs protein” refers to an 
ill-clcfinccl group of proteins having a molecular 
weight of approximately 37,000 (I), and the char- 
acteristic properties of precipitating out of solu- 
tion when warmed to 45 to 5S° C. and of re- 
dissolving completel}’ or partially on boiling. This 
peculiar behavior on heating has long served as a 
jiseful test for Bence-Jones proteins in the urine 
of patients with multiple myeloma. When applied 
to serum, however, particularly to those sera where 
h}-perproteinemia is associated with myeloma, the 
heat test has been found generally inadequate be- 
cause it does not sufficiently differentiate Bence- 
Jones proteins from the serum euglobulins (2, 3). 
More convincing evidence of Bence-Jones pro- 
?einemia can be obtained by e.xtraction (4, and 
others), protein solubility curves (5), and ultra- 
centrifugation (6, 7, and others). However, to 
establish satisfactorily the frequency and degree 
of Bence-Jones proteinemia in multiple myeloma, 
and its relation to hyperproteinemia in that dis- 
ease, more adequate methods recently devised for 
characterizing proteins would appear to be neces- 
sary. Any generalizations so derived shoidd be 
based upon a series of cases large enough to be 
representative. 

Ig ^J£ce-nf: study combining electrophoretic with 
salting-out techniques (8), it was found that 38 
cases of multiple myeloma, presenting the most 
varied quantitative and qualitative differences in 
serum proteins, could be classified into 3 major 
groups: 1. Those with hyperglobulinemia due to 
y components which precipitated out chiefly with 
the Howe “euglobulin,” and partly with the Howe 
“pseudoglobulin I” fraction. 2. Those with a vari- 
ety of unusual serum protein patterns, not en- 
countered in any other disease. 3. Those with 
apparently normal serum proteins. It was sug- 
gested that the protein increment in the first group 

^ Aided in part by a grant from the William J. Mathe- 
son Commission. 


contained little or no Bence-Jones protein, whereas 
the anomalous distributions in serum protein frac- 
tions in the second group appeared to be due, for 
the most part, to significant Bence-Jones pro- 
teinemia. This view was based largely upon com- 
parisons of the solubility characteristics and elec- 
trophoretic mobilities of urinary Bence-Jones pro- 
teins with those of serum proteins in multiple 
myeloma, and upon a study of the properties of 
proteins in normal serum to which different uri- 
nary Bence-Jones proteins had been added. Fur- 
ther and more direct evidence on this point has 
since been obtained by correlating the results of 
salt precipitation, electrophoretic and ultracen- 
trifugal analysis, and immunological methods in 
myeloma serum and urine. 

METHODS 

Fractional precipitation with neutral salts. Howe’s 
method (9) was used for serum. Our results in normal 
and myeloma sera, and the uniform pattern in the distri- 
bution of protein fractions found in hj-perproteinemia due 
to chronic infections and cirrhosis, have already been 
described (8). 

Electrophoresis. The electrophoretic analyses and sep- 
arations were made by means of the Tiselius apparatus 

(10) using a cell of 10 ml. capacity, and the Toepler 
Schlieren optical arrangement as modified by Longsworth 

(11) . The samples of sera were diluted 1:4, 1:6, or 
1 ; 8 (depending upon the protein concentration) with 
0.02 M phosphate buffer containing physiological saline 
solution at pH 7.4, the ionic strength of the buffer being 
M = 0.2. They were then dialysed against 2 or more 
changes of buffer for a period of 2 or 3 days, the last 
change of buffer being used to fill the electrode vessels. 
Undiluted urine samples were dialysed in the phosphate 
buffer = 02, not 0.1 as previously (8) stated) in the 
same manner and studied in the Tiselius apparatus. 

Our experience with electrophoretic analyses of normal 
sera has been smnmarized elsewhere (12). Results with 
blood plasma or serum in multiple myeloma have been 
recorded by Longsworth, Shedlovsky and Macinnes (13), 
by Kekwick (14) and, in both .serum and urine, by 
ourselves (8). 

Ultracentrifugation. The analyses of serum and urine 
were made in an air-driven ultracentrifuge kindly placed 
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at our disposal by Dr. A. E. Severinghaus. An analytical 
cell holding 0.4 ml., of the type described by Bauer and 
Pickels (IS), was used, the optical analysis being made 
by means of the Toepler Schlieren method (16). The 
sedimentation rates were calculated from photographs 
taken at 5 minute intervals while the rotor was held at 
a constant speed of 46,400 R.P.M., giving a centrifugal 
field at the center of the cell of 159,000 times gravity. 
The experiments were done at room temperature and the 
sedimentation rates corrected to pure water at 20° C. 

Immunological. The general plan followed was that 
of Hektoen (17),. with modifications. Rabbits were im- 
munized with Bence-Jones proteins prepared from urine, 
the antisera were absorbed with normal human serum 
to remove nonspecific antibodies, and the specific antisera 
so obtained were used for qualitative and quantitative 
precipitin tests for Bence-Jones proteins in myeloma 
serum. To obviate difficulties arising from serological 
differences in the Bence-Jones proteins of different pa- 
tients (18, 19), tests for Bence-Jones protein in serum 
were made with antiserum prepared only from the uri- 
nary Bence-Jones protein of that same patient. Im- 
munological studies were confined therefore to cases of 
multiple myeloma with Bence-Jones proteinuria. 


Our detailed procedure was as follows: Unacidjfied 
urine of the patient to be tested was treated with' am- 
monium sulfate to 40 per cent saturation, the slight pre- 
cipitate which formed was rejected, and the concentration 
of ammonium sulfate brought to 60 per cent to precipitate 
the Bence-Jones proteins. The precipitate was centri- 
fuged off, dissolved and reprecipitated once, redissolved in 
water and dialysed in the cold until the dialysate no 
longer reacted with Nessler’s solution. 

Rabbits were injected 4 times weekly with 1 to 5 mgm. 
of this Bence-Jones protein in the form of an alum pre- 
cipitate (20), several courses of 16 injections each being 
necessary to produce antisera of sufficient titer (even 
then, the best of these were much weaker than those ob- 
tainable with serum proteins or with egg albumin). The 
rabbits were bled 5 days after the last of a course of 
injections. 

Antibodies to the serum proteins were removed by addi- 
tion of small amounts of undiluted normal human serum 
until no further precipitation with normal serum occurred. 
The precipitin tests were set up by adding 0.15 ml. of 
the absorbed rabbit antiserum to 0.15 ml. of appropriate 
dilutions of antigen (the patient’s serum or urine, control 
serum or urine, etc.). The tubes were shaken, incubated 
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Serum and urinary proteins in 7 cases of multiple myeloma; data obtained by the Howe method, 

electrophoresis, and ullracentrifugaiion 
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Cases I and 11 were reported in part elsewhere (8), 
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RESULTS 

In Table I are summarized the results of serum 
protein partitions by the Howe and electrophoretic 
techniques in 7 cases of multiple myeloma. The 
diagnosis was established by autopsy or biopsy in 
all but Case 41. The cases are divided into the 3 
major groups already described. 

Group 1 . The serum protein pattern in Cases 1 
and 39 is representative of that found in a large 
number of patients with multiple myeloma. There 
is marked hyperproteinemia, the protein increment 
being composed of globulins, the major part of 
which are thrown down in 13.5 per cent sodium 
sulfate. The electrophoretic pattern is character- 
ized by a large peak representing a marked in- 
crease in y globulins (Figure 1), the mobilities of 
the main component in these 2 cases being 0.5 and 
0.3 respectively. 

The following evidence that the protein incre- 
ment in this group of cases includes little or no 
Bence-Jones proteins has already been offered: 1. 
The distribution of serum protein fractions corre- 
sponds, in general, to the pattern uniformly found 
in hyperglobulinemia due to chronic infections or 


cirrhosis, in which it may be presumed that Bence- 
Jones proteinemia does not occur. 2,. Bence-Jones 
proteins in native urine rarely if ever have the 
solubility characteristics of serum euglobulins in 
either ammonium or sodium sulfate solution. . 3. 
We have been unable to reproduce a large increase 
wholly or very largely in the Howe “euglobulin” 
fraction by adding various urinary Bence-Jones 
protein preparations to normal serum. 4. The 
electrophoretic pattern of normal serum, to which 
has been added urinary Bence-Jones protein from 
patients in this group, shows a new peak corre- 
sponding to the mobility of the urinary Bence- 
Jones protein added, but not in the y range (except 
in the few instances in which the mobility of the 
urinary Bence-Jones protein is extremely low). 

When the y components of the sera in Cases 1 
and 39 were separated electrophoretically and their 
sedimentation constants determined, the value ob- 
tained for S„o was 7.1 in both instances (Table 
I). The sedimentation constant of the urinary 
Bence-Jones proteins in both patients was 3.4 S 
(Svedberg (.22) reports values of 2.8 S and 3.7 3” 
in different Bence-Jones protein preparations). It 
is evident that the main component in the sera was 


TABLE II 

Precipitin reactions of absorbed rabbit antisera to Bence-Jones proteins with homologous urines and sera, and with normal sera 


Case I 
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of far greater molecular size than Bence-Jones 
protein, of the order of magnitude of normal y 
globulins, which have been found to have a sedi- 
mentation constant of 7.1 (23). Similar re- 

sults were obtained in 4 of S mj'cloma sera sub- 
jected to ultracentrifugal analysis by Kelnvick 
(14), and in isolated cases by others. The avail- 
able data suggest that Bence-Jones protein docs 
not constitute the main protein increment in the 
majority of cases of multiple ntycloma with marked 
lij-perprotcinemia. 

WHiile it was thus shown tliat the chief protein 
constituent of these sera was not Bence-Jones 
protein, it was possible by serological methods to 
demonstrate that Bence-Jones protein was present 
in small amount in the serum of Case 1. As indi- 
cated in Table II, rabbit antiserum to this patient’s 
urinary- Bence-Jones protein gave a strong pre- 
cipitin reaction with a 1 ; 25 dilution of the pa- 
tient's serum, and a definite reaction was obtain- 
able with a dilution of 1 : 125. These reactions 
cannot be attributed to normal serum protein com- 
ponents because normal serum failed to give any 
test with the (absorbed) antiserum. 

It was further possible, by serological methods, 
to estimate the amount of Bence-Jones protein 
present in the serum of Case 1. Figure 2 shows 
the calibration curve obtained by the addition of 
increasing amounts of Bence-Jones protein N to 

1.0 ml. of rabbit antiserum. When 1.0 ml. and 

2.0 ml. of a 1 : 25 dilution of the serum pf Case 1 
were added, the N contents of the precipitates 
(points A and B, respectively, on the curve) cor- 
responded to 0.013 and 0.019 mgm. of Bence- 

, Jones protein N. Assuming a conversion factor 
of 6.25, this is the equivalent of 0.2 and 0.15 gram 
Bence-Jones protein per 100 ml. undiluted serum. 
It is obvious that this concentration of Bence- 
Jones protein, some 1.5 per cent of the total pro- 
tein content of the senrni, could not be detected 
by ultracentrifugal or electrophoretic methods. 

Case 40 differs from the other members of 
Group 1. While the Howe partition showed 
marked hyperglobidinemia due to a large increase 
in the “euglobulin” fraction, electrophoretic analy- 
sis revealed the mobility of this component to be 
1.4, considerably above the upper limits of variation 
in y globulins (12). The sedimentation constant 
of the electrophoretically separated M and y com- 



Fic. 2. Calibration Curve foe the Deteeiiination 
OF Bence-Jones Protein in Seruii by the Quantita- 
tive PpEaPiTiN Method 

A blank value of 0.02 mgni, N per ml. serum without 
added antigen was obtained and substracted. 

All supernatants tested show a zone in which addition 
of either antigen or antibody gave some additional pre- 
cipitation. This suggests the presence of several im- 
munologically different components and may be related 
to the observation of Hektoen and Welker (19) that 2 
serologically distinct Bence-Jones proteins may occur in 
the urine of a single patient. 


ponents was found to be 6.5 (Table I). This 
value would indicate a molecular size far greater 
than that of Bence-Jones protein, at least if un- 
combined with other constituents. The main pro- 
tein component of the serum in Case 40 was not 
further identified, and the classification of the case 
in Group 1 is tentative. 

Group 2. The serum protein patterns in this 
group are v^aried, but fall into certain distinct cate- 
gories (8) : 1. Due to the presence of abnormal 
protein constituents which (like serum albumin) 
are soluble in 21.5 per cent sodium sulfate, the 
values for albumin, as determined by^ the usual 
Howe technique, may be falsely high ; if the con- 
centration of these constituents is sufficiently great, 
the results of salt precipitation may’’ seem to indi- 
cate distinct hyperalbuminemia. 2. The Howe 
globulin fraction may be markedly increased, due 
solely to a rise in the fraction precipitable in 17,4 
per cent sodium sulfate (the Howe “pseudoglobu- 
lin I” fraction) with no accompanying rise in the 
Howe “euglobulin” fraction. 3. The fraction pre- 
dpitable in 21.5 per cent sodium sulfate may 
greatly exceed the normal maximum, with hy-per- 
globulinemia due partly or solely to protein con- 
stituents haring solubility characteristics corre- 


72 


DAN H. MOORE, ELVIN A. RABAT, AND ALEXANDER B. GUTMAN 


spending with those of the Howe “pseudoglobulin 
IF’ fraction. 

The electrophoretic patterns in this group, like- 
wise varied, indicate the presence of abnormal 
components with the mobility of /? globulins, of y 
globulins, or with intermediate mobilities forming 
a distinct intermediate boundary which we have 
designated as M. 

The following considerations led us to suggest 
that these different serum protein patterns may be 
due, for the most part, to the presence of signifi- 
cant concentrations of Bence-Jones proteins, char- 
acterized by different solubilities in sodium sulfate 
and by different electrophoretic mobilities (8) : 1. 
The several patterns are peculiar to multiple mye- 
loma, the only disease in which significant Bence- 
Jones proteinemia may be presumed to occur, 2. 
The solubilities of urinaiy Bence-Jones proteins 
in sodium sulfate solution vary widely in different 
cases of multiple myeloma, but generally fall 
within the precipitation limits prescribed by Howe 
for serum albumins and pseudoglobulins I and 11. 
3. Addition of urine containing Bence-Jones pro- 
tein to normal serum results in large increases 
chiefly in the Howe albumin, "pseudoglobulin II” 
or "pseudoglobulin I” fraction, depending upon 
the particular urine added. The inference seems 
justified that if such Bence-Jones proteins were 
present in the serum of myeloma patients and the 
same solubilities with respect to sodium sulfate 
were shown, the various Howe serum protein par- 
titions included in Group II could result. 4. The 
electrophoretic mobilities of urinary Bence-Jones 
proteins from different patients differ widely, from 
3,1 to 1.8 in the cases we have examined, i.e., over 
the range observed in the mobilities of the extra 
components encountered in myeloma sera. 5. The 
electrophoretic patterns of normal serum to which 
urinary Bence-Jones proteins have been added 
show new y, or M peaks, according to the mo- 
bility of the particular Bence-Jones protein added. 
It was possible in this way to reproduce the several 
electrophoretic patterns characteristic of Group 2 ; 
by adding the urinary Bence-Jones protein of a 
given patient to normal serum, the electrophoretic 
pattern of that patient’s serum could be duplicated 
( 8 ). 

Case 11 is an example of apparent hyperalbu- 
minemia in multiple myeloma (Table I). Corre- 


lation of the results of analyses by salting-out, 
electrophoretic, and precipitin techniques indi- 
cated that the Howe values for albumin in this 
case were much too high, owing to the presence 
of about 2.0 grams per cent of a protein with the 
solubility characteristics and electrophoretic mo- 
bility of the Bence-Jones protein in this patient’s 
urine (8). 

The /? and y components of the serum in Case 
11 were separated electrophoretically from the a 
globulins and albumin, and the sedimentation con- 
stant determined.” The value obtained for the 
main component in the ultracentrifuge, 4.0 5", can- 
not refer to serum albumins, which had been re- 
moved electrophoretically, and indicates a molecu- 
lar size definitely smaller than that of any serum 
globulin. The sedimentation constant of the 
Bence-Jones protein in the urine of Case 11 was 
2.8 S'. 

That the main abnormal component of the 
serum in Case 1 1 was, in fact, Bence-Jones protein 
in some form, could be demonstrated by serological 
methods (Table II), Rabbit antiserum to this 
patient’s urinary Bence-Jones protein gave a strong 
precipitin reaction with a 1 : 625 dilution of the 
patient’s serum. This reaction appeared to be due 
entirely to Bence-Jones protein since, after absorp- 
tion of the rabbit antiserum with Case 1 1 myeloma 
serum, no additional precipitin reaction could be 
obtained with the patient's urine or purified Bence- 
Jones protein (Table II) ; nor did the (absorbed) 
antiserum react with normal serum protein com- 
ponents. Estimation of the concentration of 
Bence-Jones protein in the serum, by means of 
qualitative dilution tests, gave results of the same' -.-, 
order of magnitude as were obtained for the main 

2 The separated fraction of Case 11, which included a 
small amount of normal T globulin and an unknown 
amount of normal /5 globulin, showed a small, very heavy 
component (S — 20) but only one boundary in the range 
where globulins and Bence-Jones pratein would be ex- 
pected. The precision of the sedimentation constant deter- 
mination for the lighter fractions would thus be reduced, 
the resulting value tending to be high for whatever Bence- 
Jones protein was present. Electrophoretic separation of 
the y globulin in this fraction (only about 6 per cent, of 
which at least half was due to the salt boundary )_ was not 
possible because of the limited quantity of material avail- 
able. Separation of Bence-Jones protein from P globulin 
in this serum would not be possible electrophoretically. 
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abnonnal component by other methods. Quanti- 
tative precipitin determinations could not be made 
in this ease because of the weak rabbit antisera 
produced and tlie limited amounts of urinaty’ 
Bence-Jones protein available. 

Case 41 showed moderate hyperglobulinemia, 
due to protein constituents which had the solu- 
bility characteristics in sodium sulfate of Howe’s 
"pseudoglobulin 11” fraction (Table I). The 
electrophoretic pattern revealed a large component 
moving with the mobility of /? globulin (Figure 1). 
To eliminate the possibility that this might be a 
lipoidal substance, the serum was extracted with 
alcohol-ether mixture at — 12° (24). The re- 
sulting electrophoretic pattern showed no signifi- 
cant change (Figure 1). The cholesterol content 
of the scrum did not exceed 118 mgm. per cent. 

The /? and -/ components of the serum in case 
41 were separated out clectrophoretically and the 
sedimentation constant determined to be 3.0 S, a 
figure subject to the limits in precision already in- 
dicated. This value is consistent with a protein 
of the molecular size of Bence-Jones protein. 

No Bence-Jones protein was found in the urine 
of Case 41 on repeated examination. The absence 
of Bence-Jones proteinuria in this patient %vith 
Bence-Jones proteinemia suggests that the serum 
Bence-Jones protein might have been present in 
the circulating fluids in the form of some complex. 
Bott and Richards (25) have shown that the "in- 
tact” amphibian glomerular membrane is partially 
permeable to proteins of Svedberg’s 35,200 molec- 
ular weight group; in the case of several Bence- 
Jones preparations tested, the glomerular filtration 
values were 20 to 48 per cent. It is likely that the 
maximal pore diameter of the “intact” human 
glomerular membrane is similarly sufficient for 
partial passage of uncombined Bence-Jones pro- 
tein in serum, since Bence-Jones proteinuria with- 
out significant albuminuria is commonly obsen^ed. 
If so, the absence of Bence-Jones protein in the 
urine of patients who give evidence of appreciable 
concentrations in the serum, and who have nor- 
mally permeable glomerular ’ membranes (no 
marked nitrogen retention), would imply that the 
Bence-Jones protein might occur in the serum in 
complexes of larger molecular size. 

In the course of certain routine determinations 


in the serum of Case 41, it was observed that al- 
though the serum itself was clear, the trichloro- 
acetic acid filtrates obtained were cloudy, due to 
the presence of a substance which could not be 
removed by multiple filtration. (This phenome- 
non indeed gave the first intimation of anything 
unusual about the then undiagnosed case.) It 
developed that if undiluted serum were used, per- 
fectly clear filtrates could be obtained with either 
tungstic or trichloroacetic acids; whereas, if the 
senun were first brought to the usual dilutions 
with water, none of the common protein precipita- 
tion gave clear filtrates. This unusual behavior 
would not be inconsistent with the presence of a 
complex dissociable on dilution. The extreme la- 
bility of this complex precluded its further study 
in an undissociated state. 

The serum in Case 42 is unique in our experi- 
ence. It contained very large amounts of a 
globulin which precipitated out with the Howe 
“pseudoglobulin 11” fraction and which, migrating 
with the mobility of 1.7, produced an M peak 
intermediate between the and -/ components. 
The sedimentation constant of the electrophoretic- 
ally separated M and y components however was 
7.0 S, indicating a molecular size of normal y 
globulins. Further studies of this constituent of 
the serum in Case 42 have been carried out by 
Shapiro, Ross, and Moore (26). The main com- 
ponent of the serum in this instance was clearly 
not Bence-Jones protein and the classification of 
Case 42 in Group 2 is tentative. 

Group 3. Case 43 presented normal Howe and 
electrophoretic senun protein patterns (Table I) 
and is representative of the large number of cases 
of multiple myeloma that show no abnormalities 
when studied by these methods. The urine in 
Case 43 contained large amounts of a Bence-Jones 
protein which was found to have a sedimentation 
constant of 3.4 5". 

It was pointed out elsewhere (8) that some 
myeloma sera with normal Howe partitions may 
show abnormal electrophoretic patterns, charac- 
terized by a small M peak, presumably due to 
Bence-Jones proteinemia. Immunological studies, 
which might disclose further evidences of Bence- 
Jones proteinemia in apparently normal m)'eloma 
sera, have not yet been made. 
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DISCUSSION 

Bence-Jones proteins evidently must be present 
in the serum of at least those cases of multiple 
myeloma with Bence-Jones proteinuria, since, in 
the absence of any indication of a renal origin, the 
Bence-Jones protein must be transported by the 
blood from the. source of origin to the kidneys. 
Even in cases with no excretion in the urine, the 
possibility of significant Bence-Jones proteinemia 
is not excluded, because interaction in the serum 
may result in the formation of non-filterable com- 
plexes. The problem therefore is not so much to 
determine whether Bence-Jones proteinemia ever 
occurs in myeloma, as to devise methods adequate 
for its detection and measurement. 

A major difficulty in the way of this objective 
lies in the multiplicity of Bence-Jones proteins 
(18, 19, 22, 27 , 28) and in their correspondingly 
varied properties, as illustrated by the differences 
in solubility, electrophoretic mobility, sedimenta- 
tion rate, and serological properties observed in 
the urinary Bence-Jones proteins in our cases of 
myeloma (8, and the present study). These dif- 
ferences, reflected in the varied serum protein 
patterns of patients with Bence-Jones proteinemia, 
necessitate a broad and flexible analytical ap- 
proach. ' This is particularly true in view of added 
difficulties due to the presence in myeloma serum 
of normal and abnormal proteins, usually in great 
excess, to the probable formation of various more 
or less labile complexes or combinations in some 
cases, and to a variety of other causes. 

It would appear, nevertheless, that the problem 
IS not beyond the reach of integrated studies by 
salting-out, electrophoretic, and ultracentrifugal 
methods, supplemented by the quantitative pre- 
cipitin technique. Such, at least, is the indication 
of the preliminary results recorded here. 

With regard to the proposed classification of 
serum protein patterns in multiple myeloma (8), 
the present data suj^port its general validity and 
usefulness. It need (.hardly be pointed out that 
the classification falls Var short of the ideal analy- 
sis into homogenous ctDmponents, and that it is 
incomplete. Too little is known about the occur- 
rence in myeloma serun\ of abnormal proteins 
other than Bence-Jones prCDtein, however, to war- 
rant further subdivision at '^is time. 


SUMMARY 

The serum and urinary proteins in 7 cases of 
multiple myeloma were investigated by correlated 
salting-out, electrophoretic, and ultracentrifugal 
techniques, supplemented by immunological meth- 
ods in 2 cases. 

In 2 cases with marked hyperglobulinemia due 
to y components which precipitated out chiefly 
with the Howe “euglobulin” fraction, sedimenta- 
tion constants of the main component of the 
serum indicated a molecular size of the order of 
magnitude of normal y globulins. Application of 
the quantitative precipitin technique to the: serum 
of one of these cases further revealed the presence 
of approximately 0.2 gram per cent Bence-Jones 
protein, a concentration too low for detection by 
other methods. A review of the available data 
indicates that only a very small proportion of the 
protein increment is Bence-Jones protein in many 
(probably the majority of) cases of multiple mye- 
loma with marked hyperproteinemia. 

Two cases with sera showing abnormal or 
M components, and unusual Howe partitions not 
encountered in diseases other than multiple mye- 
loma, were found by ultracentrifugal and sero- 
logical analysis to have Bence-Jones protein as the 
chief abnormal protein component of the serum. 
The available data suggest that marked Bence- 
Jones proteinemia does occur in multiple myeloma, 
probably in a lesser but clinically significant pro- 
portion of cases. 

Two cases of multiple myeloma with marked 
hyperproteinemia were found to have large con- 
centrations of abnormal, not readily classifiable 
proteins with sedimentation constant's indicating 
an approximate molecular size of normal globulins. 
The serum in one case of multiple myeloma was 
found to have apparently normal Howe and elec- 
trophoretic serum protein patterns. 

In spite of the difficulties involved in the detec- 
tion and measurement of Bence-Jones proteins in 
serum, integrated studies of the kind indicated 
appear to afford a promising approach to the 
problem. 
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In a previous paper (1), the effect of strepto- 
coccal upper respirator)’ infections on groups of 
rheumatic children under close observation in a 
sanatorium was reported. It was found that dur- 
ing a three-year period no rheumatic relapses were 
observed in children who escaped streptococcal 
upper respirator)’ infections. Since, however, the 
total number of rheumatic recurrences was small, 
it seemed possible that the relationship of the 
streptococcal phaiymgitis to the reactivation of the 
rheumatic process might have been accidental. To 
rule out this possibilit)', it was essential to study 
the effect of preventing streptococcal upper respi- 
rator}’ infections in rheumatic subjects by some 
means which had no immediate influence on the 
rheumatic infection itself. For this purpose, 
sulfanilamide was chosen, as most obser\’ers 
agree that this drug not only fails to benefit pa- 
tients with active rheumatic fever, but actually 
tends to increase the severity of the rheumatic 
symptoms (2 to 4). 

On the other hand, the observations of Cobum 
and Moore and of Thomas and her coworkers indi- 
cated that prophylactic doses of sulfanilamide were 
effective in preventing streptococcal upper respi- 
^^atofy^fections, and that rheumatic patients, so 
protected, escaped rheumatic relapses (5 to 9). 
These authors, however, did not have an oppor- 
tunity of comparing the patients who w'ere receiv- 
ing sulfanilamide with a control group living under 
identical conditions, where exposure to Group A 
hemol)’tic streptococci could be determined. It 
seemed worthwhile, therefore, to study the value 
of sulfanilamide prophylaxis in an institution 
where the patients were under daily observation 
and careful bacteriological studies could be made. 

The type of community, routine procedures, and 

^This work was aided by a grant from the Common- 
wealth Fund. 


bacteriological methods used were the same as 
those previously described (1). 

PLAN OF STUDY 

During two successive winters, 1940 to 1941 and 
1941 to 1942, the 108 rheumatic children at Irving- 
ton House were divided into 2 groups, matched 
as closely as possible in regard to age, sex, number 
of previous rheumatic attacks, and cardiac find- 
ings. Beginning in October 1940 and continuing 
until the following June, half of the children were 
given small daily doses of sulfanilamide.® The 
other 54 children served as controls. During the 
second winter, 1941 to 1942, 54 children were 
given sulfanilamide and 50 served as controls. 
Only children who showed neither clinical nor 
laborator}’ signs of rheumatic activity received this 
drug. 

During the winter of 1940 to 1941, 78 per cent 
of the 108 patients were cases of possible and po- 
tential heart disease and 22 per cent had definite 
cardiac lesions. During the second winter, 1941 
to 1942, the percentage of children in the group 
with orgam'c heart disease was increased to 49 
per cent. 

Dosage of sulfanilamide 

During the \vinter of 1940 to 1941, an average 
blood level of sulfanilamide of 2 mgm. per cent 
was maintained. In most instances, children 
weighing 75 lbs. or less were given 1 gram dail)’ 
in 3 divided doses, at 8 a.m., 2.30 p.m., and 8.30 
p.m. Children weighing 75 lbs. or more received 
1.3 to 2 grams daily. 

During the winter of 1941 to 1942, the dosage 
was decreased slightly so as to maintain an average 
blood level of 1.5 mgm. per cent. Samples of 
bloods for routine determinations of sulfanilamide 

* Sulfanilamide (Prontylin) for this study was donated 
through the courtesj’ of the Winthrop Chemical Company. 
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levels were taken once eveiy 3 weeks, before the 
8 a.m. dose. In a small number of cases, the 
sulfanilamide content obtained before the morning 
dose was compared with that obtained before the 
2.30 p.m. or 8.30 p.m. dose, and it was found that 
the blood level of sulfanilamide maintained 
throughout the course of the day was remarkably 
constant. 

■ Streptococcal upper respiratory infectious in the 
control group, 1940 to 1941 

In October 1940, a routine culture of one of 
the children in the control group showed large 
numbers of Group A hemolytic streptococci Type 
15. This child did not complain or present symp- 
toms or show a rise in antistreptolysin 0 titer. 
This type of streptococcus had not been present 
previously in the community and the source of this 
microorganism was not determined. 

Between the end of October 1940 and the end 
of January 1941, 30 cases of pharyngitis associ- 
ated with this type of streptococcus developed 
among the 54 children in the control group. As 
in epidemics previously reported, the spread of 
this upper respiratory infection was slow ; 3 cases 
developed in October, 8 in November, 12 in De- 
cember, and 7 in January. Sixteen of these 30 
cases were of moderate severity, with rectal tem- 
peratures of 101° F. or more. Eight had very 
mild symptoms. Six children did not have com- 
plaints or symptoms ; and the diagnosis of pharyn- 
gitis was based solely on laboratory data (routine 
throat cultures positive for streptococcus Type 15 
accompanied by a rise in white blood count or 
followed by a rise in antistreptolysin 0 titer) . 

Incidence of rheumatic recurrence in the control 
group, 1940 to 1941 

Following a latent period, varying from 3 to 
21 days, 14 of these 30 children developed definite 
rheumatic recurrences. Three of these 14 chil- 
dren had originally been in the group taking sulf- 
anilamide but were unable to tolerate the drug. 
They contractedUhe Type 15 streptococcus infec- 
tion 4 days, 5 wfeeks, and 2 months, respectively, 
following the withdrawal of sulfanilamide. 

Of these 14 children with definite rheumatic 
relapses, 4 had organic heart disease prior to these 
attacks and 10 did i^t. The rheumatic manifesta- 


tions in 11 of these 14 patients (10 cases of pos- 
sible and potential heart disease and 1 case of 
organic heart disease) were of short duration. 
Three children whose rheumatic symptoms per- 
sisted for several months had definite cardiac 
lesions. 

Eight of the 14 rheumatic relapses followed 
pharyngitis of moderate severity. Four occurred 
in children who had mild upper respiratory symp- 
toms, and 2 developed in patients in whom the 
diagnosis of the preceding pharyngitis was based 
only on laboratory data. 

Four additional children of the 30 who had the 
Type 15 upper respiratory infection developed, 
following a latent period, distinct laboratory signs 
of rheumatic activity (leukocytosis and increased 
erythrocyte sedimentation rates which persisted 
for 1 month or more), but had no definite clinical 
symptoms, or changes in their X-ray or electro- 
cardiographic findings, and therefore were classi- 
fied as having questionable rheumatic recurrences. 
One of these children had received sulfanilamide 
originally but could not tolerate the drug; his 
routine throat culture revealed hemolytic strepto- 
cocci 2 weeks after the withdrawal of sulfanilam- 
ide. He had no complaints or symptoms but his 
antistreptolysin 0 titer rose, and his erythrocyte 
sedimentation rate remained elevated for 6 weeks. 

Streptococcal carriers in the control group, 
1940 to 1941 

Two children in the control group became car- 
riers of streptococcus Type 15 without developing 
symptoms of any kind. The leukocyte count, 
erythrocyte sedimentation rate, and antistreptoly- 
sin 0 titer in these patients showed no changes."- 

Streptococcal upper respiratory infections in the 
sulfanilamide group, 1940 to 1941 

Only one child in this group contracted pharyn- 
gitis due to streptococcus Type 15. She com- 
plained of sore throat and had a temperature 
ranging from 101.2 to 100° F. for 2 days; and 
her leukocyte count was elevated. The same dose 
of sulfanilamide was continued and she recovered 
promptly. Her erythrocyte sedimentation rate re- 
mained normal and no rheumatic sequelae devel- 
oped. The sulfanilamide blood level was 2 mgm. 
per cent at the time of her infection. 
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Streptococcal carriers in the sulfanilamde group, 
1940 to 1941 

Ten children, who received the drug in whom 
an average blood level of 2 mgm. per cent was 
maintained, became carriers of Type 15. without 
showing cither clinical or laborator}' evidence of 
infection. It is of interest that none of these chil- 
dren developed phaiyngitis when sulfanilamide 
was discontinued on June I, 1941, although 6 of 
them were still cariy’ing streptococcus Type IS at 
that time. 

TABLE I 

The seasonal distribution of streptococcus Type 15 upper 
respiratory infections and incidence of rheumatic 
recurrences, 1940 to 1941 


Sca*o:^al 

etribuUon 

Control rroup 
(54 children) 

Sulfanilamide group 
(54 children) 

Phar- 

yngi- 

tis 

Definite 

rheu- 

matic 

Tccur- 

rcncca 

! 

Ques- 

tionable 

rheu- 

matic 

recur- 

rences 

Phar- 

yngi- 

tis 

Definite 

rheu- 

matic 

recur- 

rences 

Ques- 

tionable 

rheu- 

matic 

recur- 

rences 

October 

3 

0 

0 




November 

8 

3 

0 




December 

12 

S 

4 

1 

0 

0 

January 

7 

6 

0 




February ' 

0 

0 

0 




Total 

30 

14 

4 

1 

0 

0 


Results, 1940 to 1941 

The contrast as shown in Table I betiveen the 
incidence of streptococcal pharyngitis among the 
children in the control group and those receiving 
sulfanilamide was striking, 30 to 1. Not a single 
child^^vho received the drug developed rheumatic 
^TiiMifestations, whereas 14 of the 30, or nearly 
half, in the control group, who had streptococcus 
Type 15 upper respiratory infections, showed defi- 
nite rheumatic relapses, and 4 additional children 
had laboratory evidence suggesting a reactivation 
of the rheumatic process. 

Streptococcal upper respiratory infections, 
1941 to 1942 

On October 21, 1941, a boy (H. B.) was ad- 
mitted with mild upper respiratory symptoms. 
His admission throat culture was positive for 
Group A hemolytic streptococci of undetermined 
type. 


Beginning October 26th and continuing until 
the middle of January 1942, 17 children in the 
control group of 50 developed pharyngitis due to 
a streptococcus which appeared identical with the 
strain isolated from H. B. Rabbits were immu- 
nized with this microorganism, designated as B35, 
isolated from one of these patients; and with their 
sera used in slide agglutination (Griffith) and anti 
M precipitin tests (Lancefield), the strains isolated 
from the 17 cases of pharyngitis, as well as the 
one obtained from H, B. on admission, were shown 
to represent a single serological type, designated 
as streptococcus B35 in the remainder of this' 
paper.® 

The spread of streptococcus B35 was more 
rapid than that observed in previous outbreaks of 
streptococcal phaiymgitis ; 6 cases occurred in Oc- 
tober and 9 in November, followed by 1 in De- 
cember and 1 in January. Thirteen of these 17 
cases were of moderate severity with rectal tem- 
peratures of 101° F. or more. In 2 patients, the 
symptoms were mild. Two children had neither 
complaints nor symptoms and the diagnosis of 
phaiymgitis was based on laboratory findings. 

Incidence of rheumatic recurrences in the control 
group, 1941 to 1942 

Following a latent period varying from 10 to 
18 days, 9 of these 18 children developed definite 
rheumatic recurrences and one a questionable rheu- 
matic recurrence. Of these 10 children with rheu- 
matic manifestations, 6 had organic heart disease 
previous to these attacks and 4 were cases of pos- 
sible and potential heart disease. The rheumatic 
recurrences in 4 of these 10 children were severe 
(pericardial friction rub, subcutaneous nodules, 
persistent high fever). Of these 4, 3 had organic 
heart disease prior to these attacks and one did 
not. 

Streptococcal carriers in the control group, 
1941 to 1942 

Two children in the control group became car- 
riers of the epidemic inducing strain, B35, without 
developing symptoms of any kind. 

s As will be reported by E. Krumwiede, in a paper now 
in press, this strain has been accepted as a new tj-pe and 
has been given the provisional type number 36. 
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Streptococcal upper respiratory infectious in the 
sulfanilamide group, 1941 to 1942 

Only one child in this group developed pharyn- 
gitis due to streptococcus B35. At the time of 
infection, the sulfanilamide level in the blood was 
only 0.95 mgm. per cent instead of the usual 1.5 
mgm. per cent. Following a latent period, this 
patient developed mild rheumatic manifestations, 
namely, a prolongation of PR interval from 0.15 
to 0.23 second, a drop in hemoglobin and red cells, 
and an elevated erythrocyte sedimentation rate. 
These symptoms lasted 10 days. There was no 
increase in the size of the heart nor any changes in 
the heart sounds. 

Streptococcal carriers in the sulfanilainide group, 
1941 to 1942 

Four children who received this drug, and in 
whom the sulfanilamide content of the blood was 
maintained at an average level of 1.5 mgm. per 
cent, became carriers of streptococcus B35. 

TABLE n 


The seasonal distribution of streptococcus B35 upper 
respiratory infections and incidence of rheumatic 
recurrences, 1941 to 1942 


Seasonal 

distribution 

Control group 
(SO children) 

Sulfanilamide group 
(54 children) 

Phar- 

yngi- 

tis 

Definite 

rheu- 

matic 

recur- 

rences 

Ques- 

tionable 

rheu- 

matic 

recur- 

rences 

Phar- 

yngi- 

tis 

Definite 

rheu- 

matic 

recur- 

rences 

Ques- 

tionable 

rheu- 

matic 

recur- 

rences 

October 

7 

4 

0 

0 

0 

0 

November 

9 

4 

1 

1 

1 

' 0 

December 

1 

1 

0 

0 

0 

0 

January 

1 

0 

0 

0 

0 

0 

Total 

18 

9 

1 

1 

1 

0 


Results, 1941 to 1942 

As shown in Table II, the contrast between the 
incidence of streptococcal pharyngitis among the 
children in the control group and those receiving 
sulfanilamide was again dear cut, 18 to 1. The 
difference in the incidence of definite rheumatic 
recurrences in the two groups was 9 to 1. 

Toxic reactions 

During the first year, 1940 to 1941, 10 of the 
54 children who were started on sulfanilamide 
developed toxic reactions of sufficient severity to 
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necessitate stopping the drug, and other children 
were substituted for them. 

During the second year, 1941 to 1942, the group 
receiving sulfanilamide consisted of 23 children 
who had taken the drug during the previous winter 
and 31 new patients. Among these 31 children, 
5 were unable to tolerate the drug. Thus, of the 
total of 100 patients given prophylactic doses of 
sulfanilamide, toxic reactions developed in 15. 

Similar toxic reactions were encountered during 
the two successive years : namely, fever, nausea 
and vomiting, skin manifestations, and leukopenia. 
The age, weight, dosage, and symptoms of the 15 
children who developed toxic manifestations are 
summarized in Table III. 

The most frequent toxic reaction was fever, in 
several instances accompanied by abdominal pain 
and vomiting. This reaction developed in 7 pa- 
tients between the 5th and 13th day of medication 
after 10 to 26 grams of the drug had been given. 

Five children developed skin manifestations. In 
4 of them, this symptom appeared between the 
11th and 15th days of medication when 11 to 14.5 
grams of sulfanilamide had been taken. In 2 chil- 
dren, the rash was erythematous and the leukocyte 
count and temperature remained normal. In 2 
others, the rash was urticarial and was accom- 
panied by leukocytosis. One of these 2 children 
was afebrile. In the other, the urticaria was less 
extensive and the drug was not discontinued imme- 
diately; but 2 days later, this patient developed 
a temperature of 103° F. and the medication was 
stopped. In the 5th child, Number 9, Table III, 
the rash was also urticarial but did not develop 
until the 31st day of medication when a total of 
70 grams had been taken. This patient had ? . 
temperature of 100° F. and a slightly elevated 
leukocyte count. 

Leukopenia developed in 3 patients, after 3 to 4 
weeks, when they had received 21 to 28 grams of 
sulfanilamide. The total number of white blood 
cells, as well as the percentage of polymorpho- 
nuclears, decreased gradually. 

Results obtained by retesting patients who had 
developed toxic manifestations 

In order to prove that the symptoms or blood 
changes observed were really due to sulfanilamide, 
the drug was restarted in 9 of these patients after 
intervals of 8 days to 18 months. 
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TABLE III 

Toxic manifeslalions induced hy sulfanilamide 


Case 

num- 

her 

Patient 


Wc!£ht 


Symptoms 

Day of 
appear* 
ance 

Further observations 

Blood 

Name 

9 


■ 

level 




years 

!bt. 

[rams 




mgm, 

i>er 

cant 

\ 

S5. 

3593 

M 

u 

77 

2 

Fevtr 102° F.. WBC 10,400 

5 

After 8 days restarted. After 0.6 grams, fever 
101® F, and vomiting. 


H 

H.C. 

3607 

F 

11 

66 

1 

Erj'thcma, WBC normal 

11 

18 months later tolerated a total of 26.7 grams 
given in 31 days. 

1.1 

B 

F^. 

3529 

F 

8 

51 

1 

Eo'lhema. WBC normal 

12 

Patient discharged. 


B 

G.R. 

3463 

F 

11 

70 

I 

Urticaria. WBC 20.000 

15 

After 18 months restarted. Urticarial rash after 

8 grams had been given in 12 days. WBC 13,300. 

1.05 

5 

ILA. 

3581 

F 

15 

104 

2 

Fever 100.4® F.» WBC normal 

13 

After 12 days restarted on 1 gram daily. Rash 
after 7 days. WBC 11,000. 


B 

P.P. 

3558 

F 

8 

55 

1 

Leukopenia, WBC 3.000. 

PMN 27 per cent 

28 

After 16 days restarted on same dose. Leuko* 
pem'a after 23 days. 

14 

B 

M.M. 

3596 

F 

11 

73 

1 

Leukopenia, WBC 2,700. 

PMN 24 per cent 

22 

After 6 weeks restarted on same dose. Leuko- 
penia after 22 days. 

1.4 

B 

D.B. 

3584 

M 

11 

89 

2 

Fever 101.2® F.. WBC 10400, 
abdominal pain 

6 

After 13 days restarted on I gram daily. Fever 
101.4® F., vomiting after 16 dasa. 


B 

J.C. 

3606 

F 

14 

no 

2 

Urticaria, WBC 10.500 

35 

Patient not retested. 


in 

H.M. 

3577 

F 

13 

106 

2 

Fever 100.6° F.. WBC 11400 

5 

After I month restarted on same dose. Fever 
105® F.. WBC 12400 on 2nd day. 

2.8 

11 

S.C. 

3669 


13 

105 

ij 

Fe^'cr 102.4® F„ WBC normal 

9 

6 months later tolerated a total of 26.7 grams 
given in. 31 days. 

1. 

u 

V.C. 

3670 


12 

107 

la 

Fever 101.8° F.. WBC normal 

8 

After 36 days started on sulfadiazine 1 gram 
daily, well tolerated. 

2.6 

13 

S.T. 

3676 


14 

111 

iJ 

Fever 1014® F„ abdominal 
pain. WBC normal 

10 

After 4 days started on sulfathiazole 14 grams 
daily. Fever and abdominal pain after 20 days. 
After 12 daj-s started on sulfadiazine 1 gram 
daily. Fever and abdominal pain after 22 
days. 

145 

u 

A-S. 

3718 

F 

8 

54 

1. 

Leukopenia, WBC 2,800, 

PMN 33 per cent 

21 

After 55 days started on sulfadiazine 0.7 grams 
daily. Well tolerated. 

1.9 

IS 

FJV. 

3722 

F 

13 

89 

la 

Urticaria, WBC 11.900 

Fever 103® F, 

11 

13 

After 26 days started on sulfadiazine 0.7 grams 
daily. Well tolerated. 

2. 


Two patients. Numbers 1 and 10, Table III, 
who had developed fever, again showed febrile 
reactions of greater severity in a shorter period 
of time. A 3rd patient. Number 5, Table III, who 
developed fever the first time the drug was given, 
showed an urticarial rash without an elevation of 
temperature within a shorter period of time, al- 
though a smaller dose of sulfanilamide was used. 

Another patient. Number 8, Table III, who had 
developed fever and abdominal pain, again showed 
similar symptoms when a smaller dose was given. 
This time, however, the child tolerated a somewhat 
larger total amount ( 16 grams instead of 12) , and 
the toxic manifestations took 10 days longer to 
appear. 

On the other hand, patient Number 11, who had 
shown a febrile reaction considered to be due to 


the drug, was given sulfanilamide again after an 
interval of 6 months. Restarted on 0.3 grams a 
day, the dose was then gradually increased to 1 
gram a day. This time the patient received a total 
of 26.7 grams in 31 days without developing symp- 
toms of any kind. 

Two patients. Number 2 and Number 4, who 
had developed rashes considered to be due to sulf- 
anilamide, were retested after an interval of 18 
months. Both children were, started on 0.3 grams 
a day and the dose was then gradually increased 
to 1 gram a day. This time patient Number 2 
received a total of 26.7 grams in 31 days without 
developing toxic manifestations; but the other 
child. Number 4, again developed urticaria and 
leukocytosis after receiving a total of 8 grams in 
12 days. 
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Another patient, not included in Table III, is 
also worth mentioning. A boy developed an ex- 
tensive, itching, urticarial rash after receiving 
sulfanilamide for 2% months. He had no fever 
and the leukocyte count was within normal limits. 
This patient had no history of asthma, hay fever, 
or food allergy. The drug was discontinued and 
the urticaria disappeared within 48 hours. After 
2 weeks, this boy was restarted on 0.3 gram of 
sulfanilamide a day. The dose was increased 
gradually to 1.3 grams a day and then maintained 
for 4 months with no untoward effect. 

Two patients, Numbers 6 and 7, Table III, who 
had developed leukopenia, again showed similar 
changes in the blood picture, with the same dosage, 
in approximately the same length of time. 

Thus of 9 children retested, 7 again developed 
symptoms and 2 did not. It may be that the reac- 
tions originally observed in these 2 patients were 
not due to sulfanilamide. On the other hand, it 
also seems possible that the toxic manifestations 
were transient and did not recur when the drug 
was given more slowly. 

Four of the 5 children who could not tolerate 
the drug during the winter of 1941 to 1942 were 
subsequently given sulfadiazine.^ One boy de- 
veloped symptoms identical with those caused by 
sulfanilamide, namely, fever and abdominal pain. 
The other 3 children tolerated sulfadiazine. 

General condition of children receiving prophy- 
lactic doses of sidfanilamide 

The children who did not develop toxic mani- 
festations within 5 weeks tolerated the drug well. 
There, were no subjective complaints. In most 
instances, the patients continued to gain weight 
at the same rate as before medication was started. 
The weight gain in children receiving sulfanilam- 
ide was comparable to that of children in the con- 
trol group. Cyanosis was noticeable only in a 
few light-complexioned patients. 

Administration of sulfanilamide for two 
successive winters 

Twenty-three children who had received sulf- 
anilamide during the winter of 1940 to 1941 re- 
mained in the instituVion. The drug was discou- 
nt Sulfadiazine was donated through the courtesy of 
Lederle Laboratories, Inc. ^ 


tinued on June 1st, 1941 and restarted in October 
1941 without inducing toxic manifestations. 

Minor transitory toxic reactions 

Leukocyte count and hemoglobin determinations 
were made once a week on every child receiving 
sulfanilamide. The total red cells were deter- 
mined every 2 weeks, or oftener when indicated.® 

It was found that the hemoglobin of most chil- 
dren receiving sulfanilamide tended to fall slightly 
and remained at a level somewhat lower than nor- 
mal throughout the course of treatment. When 
the drug was discontinued, the hemoglobin rose to 
its previous level. In one instance, a boy of 12 
years, weighing 79 lbs., with typical mitral stenosis, 
received 1 gram of sulfanilamide a day. His 
hemoglobin dropped from 14.5 to 10.5 grams per 
100 cc. during the first week of medication. At 
the same time, his hematocrit reading fell from 
42 to 32 per cent and his red blood count from 
4,820,000 to 3,100,000 cells. He had no com- 
plaints, no jaundice, and normal urine findings. 
His blood sulfanilamide level was 1 mgm. per cent. 
Since he had no clinical symptoms and because a 
blood level of 1 mgm. per cent was considered in- 
sufficient to protect him from streptococcal pharyn- 
gitis, the dosage was increased to 1.3 grams a day. 
Within a week his hemoglobin, hematocrit reading, 
and red blood count began to rise. Thereafter, 
his hemoglobin ranged between 13 to 14 grams and 
his red blood count between 3,900,000 to 4,510,000 
cells. 

Minor fluctuations in the total leukocyte, count 
and percentage of polymorphonuclears were also 
observed. In most instances, these changes were 
no greater than those encountered from time to 
time among children in the control group. An ^ 
outbreak of upper respiratory infections of un-. 
known etiology, accompanied by leukopenia, oc- 
curred in the institution during April and May 
1942. With a few exceptions, sulfanilamide was 
not discontinued. The fall in leukocyte count in 
children receiving sulfanilamide and that in the- 
control group were equally striking. However, 
the leukopenia tended to persist for a slightly 
longer period in patients receiving the drug. 

5 The expense of the technical assistance needed for" 
the hematological studies was carried in part by a grant 
from The Borden Company. 
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DISCUSSION 

The cfTcct on the incidence of rheumatic re- 
lapses of preventing streptococcal upper respira- 
tor}* infections by the prophylactic use of sulf- 
anilamide is reported. Small daily doses of the 
drug were given to half of a group of rheumatic 
children under close obser\’ation in a sanatorium 
from October until June, during 2 successive win- 
ters. The contrast between the incidence of 
streptococcal upper respiratory infections and 
rheumatic relapses in the treated and untreated 
groups was clear-cut. Of the 108 children re- 
ceiving sulfanilamide, only 2 children contracted 
streptococcal upper respiratory infections, and 
only one of these 2 patients showed signs of rheu- 
matic acti\aty. Among the 104 children who 
served as controls, 48 contracted streptococcal 
pharyngitis, and 23 of these, or 48 per cent, de- 
veloped definite rheumatic relapses, and 5 addi- 
tional children had laborator}' evidence or mild 
symptoms suggesting rheumatic activity. In ac- 
cord with our previous experience, no rheumatic 
relapses were observed in children who escaped 
streptococcal upper respiratory infections (1). 

Evidence that rheumatic relapses usually follow 
in the wake of upper respiratory infections asso- 
ciated with Group A hemolytic streptococci had 
been accumulating for many years. The high in- 
cidence of rheumatic fever and rheumatic recur- 
rences following outbreaks of tonsillitis in schools 
and training camps, as well as in convalescent 
homes for rheumatic children (10 to 14), sug- 
gested that streptococci might play a role in the 
etiology of this disease. 

.It is now well known that rheumatic relapses 
follow mild as well as severe cases of streptococcal 
pharyngitis. The symptoms of the upper respira- 
tory infection may indeed be so slight as to be 
completely forgotten by ambulatory patients at the 
time that the rheumatic manifestations appear. 
Even in convalescent homes, cases of streptococcal 
pharyngitis may be overlooked unless careful bac- 
teriological and serological studies are made. It 
is not surprising, therefore, that some observers 
have been inclined to doubt the importance of 
the relationship between streptococcal pharyngitis 
and rheumatic fever. 

With the advent of sulfanilamide, a specific 
means of preventing streptococcal upper respira- 


tory* infections in rheumatic subjects became avail- 
able. The studies of Coburn and Moore, and 
Thomas and her coworkers, indicated that the pre- 
vention of streptococcal pharyngitis also prevented 
rheumatic relapses. However, nearly all the pa- 
tients included in the series of Thomas, et ah, 
were more than 14 years of age, when the inci- 
dence of rheumatic recurrences tends to decline 
spontaneously. In Coburn and Moore’s studies, 
most of the children were ambulatory and the 
degree of exposure to Group A hemolytic strepto- 
cocci could not be determined so accurately as 
among patients living in an institution. In our 
series, the incidence of streptococcal upper respi- 
ratory infections was high among the children in 
the control group, and nearly 50 per cent of those 
so infected developed rheumatic sequelae. Our 
results are in accord with those mentioned above 
and suggest that in closed communities where the 
spread of streptococci is difficult to control, 
prophylactic doses of sulfanilamide are effective 
in preventing both streptococcal pharyngitis and 
rheumatic relapses. Furthermore, these studies, 
aside from showing the prophylactic value of 
sulfanilamide, indicate that the relationship be- 
tween streptococcal upper respiratory infections 
and the reactivation of the rheumatic process is 
specific, and therefore establish the importance of 
Group A hemolytic streptococci as a factor in the 
etiology of rheumatic fever. 

Although the course of rheumatic fever in cer- 
tain individuals is insidious, severe cardiac damage 
is usually the result of repeated rheumatic relapses 
(15). The chief aim therefore of the physician 
who has rheumatic patients under his care, should 
be the prevention of rheumatic recurrences. The 
effectiveness of prophylactic sulfanilamide in pre- 
venting rheumatic relapses has been established 
by our findings as well as those of others. In 
considering any prophylactic measure, however, 
the inherent danger must be carefully w*eighed. 

The two most serious toxic reactions which have 
been reported during the course of sulfanilamide 
therapy are: acute hemolytic anemia and acute 
agranulocytosis. To date, hemolytic anemia has 
not been described in patients receiving prophy- 
lactic doses of sulfanilamide. 

One instance of a fatal acute agranulocytosis, 
however, has been reported by Stowell and But- 
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ton (16). A boy of 12 years developed this com- 
plication after receiving 0.6 gram three times a 
day for 29 days. Acute agranulocytosis is rare 
in patients receiving sulfanilamide therapy. It 
occurs most commonly between the 17th and 25th 
day of treatment but may appear as early as the 
14th and as late as the 70th da}'’, and is inde- 
pendent of dosage (17, 18). Acute agranulo- 
cytosis develops suddenly and probably represents 
a peculiar idiosyncrasy to sulfanilamide. The 
possibility of this complication in patients receiv- 
ing prophylactic sulfanilamide must always be 
borne in mind and constitutes the greatest hazard 
of this form of treatment. 

The incidence of toxic reaction in our series (15 
per cent) was higher than that reported by Coburn 
and Moore (6). No serious reactions were en- 
countered. Even though smaller doses were used 
during the second winter than during the first, the 
incidence of toxic reaction was not reduced. It is 
our impression that in most instances the develop- 
ment of toxic reactions is due to an idiosyncrasy 
of the individual, rather than to the size of the 
dose. Twenty-three patients who received sulf- 
anilamide during two successive winters showed 
no evidence of sensitization when the drug was 
restarted after a lapse of nearly 5 months. 

In one instance, a blood level of 2 mgm. per 
cent was insufficient to prevent streptococcal 
pharyngitis. A similar failure was encountered 
in a patient with a blood level of 0.95 mgm. per 
cent. It seems possible that the child with the 
level of 2 mgm. per cent who contracted the strep- 
tococcal infection, was either very susceptible to 
the particular streptococcus or that the infecting 
dose was unusually large. In most instances, a 
blood level of 2 mgm. per cent seems to be ade- 
quate. On the other hand, we are of the opinion 
that a blood level of 1 mgm. per cent is probably 
too low to be effective. 

The ultimate value of prophylactic sulfanilamide 
can be determined only by protecting rheumatic 
individuals from streptococcal upper respiratory 
infections for long periods of time. The pro- 
longed administration of any drug as toxic as 
sulfanilamide may ev^tually prove harmful even 
in patients who apparently tolerate the drug. Fur- 
thermore, individuals who have been protected 
against infection with Group A hemolytic strepto- 


cocci for many years may be extremely susceptible 
to these microorganisms when sulfanilamide is 
withdrawn. 

On the other hand, the prognosis in patients 
with severe rheumatic heart disease is so poor as 
to justify taking risks. In our opinion, at the 
present stage of our knowledge, the effect of the 
prolonged administration of sulfanilamide should 
first be tried in this type of case. 

To date, no reports have appeared on the 
prophylactic use of sulfadiazine in preventing 
streptococcal upper respiratory infections ; and our 
own experience is too limited to warrant drawing 
conclusions. It seems likely that this drug will 
prove as effective as sulfanilamide. 

Although it now seems established that Group 
A hemolytic streptococci play a part in precipitat- 
ing rheumatic recurrences, the mode of action of 
these microorganisms in this disease remains ob- 
scure. It is possible that as our knowledge of 
the immunological response of individuals to 
streptococcal infections increases, new methods of 
combatting streptococci, based on biological reac- 
tions rather than on chemotherapy, will be devised. 

CONCLUSIONS 

1. Streptococcal upper respiratory infections and , 
rheumatic relapses in rheumatic children were pre- 
vented by the prophylactic administration of 
sulfanilamide. 

2. Toxic manifestations of sufficient severity to 
necessitate the withdrawal of the drug occurred in 
15 per cent of the patients. 

3. Children, who did not develop toxic reac- 
tions, tolerated the drug well. 

4. The effectiveness of sulfanilamide in pre- 
venting rheumatic recurrences indicates that in- 
fection with Group A hemolytic streptococci is 
an important factor in the etiology of rheumatic 
fever. 
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The object of this study is to present quantita- 
tive determinations of phenylalanine, tyrosine, and 
some of their deriratives, excreted bj' a two-year- 
old boy with clinical and urinary findings diagnostic 
of the rare condition known as phenjdpyruvic oligo- 
phrenia. This metabolic aberration, manifested by 
the excretion of phenylpyruvic acid, was first de- 
scribed by Foiling in 1934 (1) in 10 feebleminded 
patients, and cases have subsequently been reported 
by Penrose (2), Jervis (3, 4), and others. The 
disease is characterized clinically by marked mental 
deficiency', frequentlj- accompanied by athetosis 
and other neurological stigmata. Jklanj' of the 
patients are well-developed physically, and even 
attractive in appearance. Blond hair and com- 
plexion and a susceptibilitj* to eczema are fre- 
quently observed. The incidence among institu- 
tionalized feebleminded individuals of all ^es is 
about 0.8 per cent. On the basis of extensive 
genetic studies, Jervis (4) confirmed Penrose’s 
opinion (5) that the anomaly is determined by a 
single autosomal recessive gene. 

The quantity of phenylpyruvic acid in the urine 
varies with the protein intake, but even on a 
protein-free diet some is always excreted, derived 
probably from body protein. The excretion of 
the compound is greatly increased by the adminis- 
tration of phenylalanine, protein (casein), or 
phenylpyruvic acid, and to a lesser extent by 
phenyllactic acid, whereas other amino acids, in- 
cluding tyrosine, have no effect on its output. 
Thus the defect is, apparently, limited to the me- 
tabolism of phenylalanine. 

REPORT OF CASE ^ 

S. W., a boy aged 25 months, was admitted on No- 
vember 25, 1941, with the chief complaints of retardation 
of development and eczema, after a urine specimen had 
given a positive qualitative test for phenylpyruvic acid. 

^We are grateful to Dr. T. D. Van Orden for the 
privilege of observing this patient. 


The family historj' was positive for allergic manifesta- 
tions, including hives in the father, and eczema and 
asthma in a brother. There was no family history of 
nervous illness. The only sibling, a brother, had been 
slow in development, having walked at 2 years of age 
and talked at 3, but was described by his pediatrician 
as entirely normal at his present age of 4. Tests of the 
father’s, mother’s, and brother’s urines for phen}'lpyruvic 
acid were negative. The pregnanej- was complicated by 
severe nausea and vomiting, and by a small pelvis which 
necessitated delweiy by Caesarian section. The patient 
had been subject to a severe eczematous eruption since the 
age of 2 months. Mental retardation had been suspected 
at 4 months. The infant failed to raise his head until 
the age of one year, and began to take notice of his 
surroundings and to recognize his parents at 20 months. 
His first tooth erupted at 6 months. He sat without sup- 
port for no more than a few minutes, and did not form 
words. He did not reach for objects but he seemed to 
take pleasure in holding a toy when it was placed in his 
hand. 

Convulsions were never observed, but the infant was 
said to “jump" occasionally, with momentary flexion of 
the head and extension of all 4 extremities. 

Physical examination revealed a large, obese, flabb 3 '- 
muscled, blond boy of 26 months, who could sit unsup- 
ported for a few minutes and could maintain himself on 
his arms and knees in a crouching position. Most of the 
time he lay quietly on his back. He followed a light or a 
large object with his eyes, and responded sluggishly to 
sounds. He had an attractive facies with a smiling ex- 
pression. He was goodnatured and contented most of the 
time, but occasionally cried and sometimes scratched his 
face, arms, and legs which were the sites of a dry, scalj-, 
patchy, eczematous eruption. The child weighed 14 kilo- 
grams, and the body measurement were as follows: head 
circumference 46 cm., chest 55.5 cm., abdomen 54 cm., 
stem length 56 cm., total length 89 cm. The head ap- 
peared somewhat small in proportion to the bod 3 ', but was 
well-formed. The fontanelles were closed. The eyes 
were blue, the pupils not unusual and the fimdi normal. 
Except for moderate^' h 3 'peractive deep reflexes the 
neurological examination was negative, and the remainder 
of the ph 3 ’sical e.xamination revealed no abnormal 
findings. 

Roentgenograms of the skull and wrists were within 
normal limits. The Kline, Schick, and Mantoux tests 
were negative, and routine urinab'ses and blood count were 
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normal. The blood plasma ascorbic acid level which on 
admission was 0.7 mgm. per cent fell to 0,3 mgm, per 
cent after 9 days of low ascorbic acid intake, and rose to 
0.6 mgm. per cent within 4 hours after an oral test dose 
of 200 mgm. of ascorbic acid. 

Psychometric examination by a consultant psychologist 
confirmed the clinical impression of marked mental 
retardation. 

On admission, the child was given a measured diet, 
low in ascorbic acid but adequate in thiamin and other 
vitamins, and calculated to provide 4 grams of protein 
per kilogram of body weight, daily. The exact amount 
of nitrogen consumed, including that in added amino 
acids, is recorded in Table I. A description of the 
chemical methods and a report of the urinary findings 
follows. 

CHEMICAL METHODS 

The method described by Hoag (6) for the quantitative 
collection of urine in young male infants permitted tlie 
collection of 22 12-hour urine specimens without loss. 
Voidings were timed to the nearest minute, the actual 
collection periods varying usually between 11 and 13 hours. 
Results were calculated in terms of 12-hour periods. The 
specimens were preserved with toluene. 

Total urinary nitrogen was determined by the macro- 
Kjeldahl method. 

Phenylpyruvic acid may be detected by the development 
of a transient but characteristic green color upon the 
addition of 5 per cent ferric chloride to acidified urine. 
This reaction forms the basis of a quantitative method, 
worked out by Jervis, Block, Bolling, and Kanze (7) for 
blood and spinal fluid filtrates, and has been adapted for 
the determination of the compound in urine. 

Phenylalanine was determined by a further modifica- 
tion of the Kapeller-Adler method (8) as recently modi- 
fied by Block and Bolling (9). The urine was acidified 
and extracted with ether for 24 hours in a continuous 
extractor. This procedure removed phenylpyruvic and 
phenyllactic acids which interfere with the determination 
of phenylalanine. Tyrosine was removed by treatment 
with potassium permanganate in the cold, as recommended 
by Kapeller-Adler (8). 

The optical isomers of phenylalanine were determined 
by means of the d-amino acid oxidase. The enzyme was 
extracted with M/60 sodium pyrophosphate solution at 
pH 8.0 from acetone-dried sheep kidneys, as described 
by Negelein and Bromel (10). Their more elaborate 
procedure (“step 1”) was found unnecessary; correction 
for the error introduced by the small amount of acetone 
remaining in the kidney extract was made by a suitable 
blank. This enzyme converts the d-portion of d,I- 
phenylalanine into the corresponding keto acid (phenyl- 
pyruvic) . The urine to be tested was extracted with ether 
to remove phenylpyruvic acid and then incubated with the 
enzyme for 3 hours at 37° C. Proteins were precipitated 
with trichloracetic acid, and phenylpyruvic acid deter- 
mined in the filtrate by the dinitrophenylhydrazone method 
of Penrose and Quas'^el (11a), as modified by Sealock 


(11b). From the amount of phenylpyruvic acid pro- 
duced, could be calculated the d-phenylalanine in the urine, 
and 1-phenylalanine could be calculated by difference. 

Jervis and his co-workers (7) have reported that 
phenyllactic acid gives almost as much color in the nitra- 
tion process of the Kapeller-Adler method as does 
phenylalanine. Consequently, the method was used for 
the determination of phenyllactic acid as follows : To the 
urine was added an equal volume of saturated sodium 
bisulfite solution. This formed an addition compound 
with phenylpyruvic acid which was insoluble in ether. 
The urine-bisulfite mixture was then made just acid to 
Congo red with sulfuric acid and extracted with ether for 
24 hours in a continuous extractor. The ether extract, 
containing phenyllactic acid, but no phenylalanine or 
phenylpyruvic acid, was then used for the determination 
of the former acid by the Kapeller-Adler method. For 
the purposes of this study, it appears reasonable to assume 
that the compound determined was actually phenyllactic 
acid, but complete verification must await isolation of the 
pure compound from the urine. If error exists, it is 
presumably in the direction of making the reported 
amounts of phenyllactic acid too high. 

The Millon method as modified by Folin and Ciocalteu 
(12) was applied to the urine both before and after ex- 
traction with ether. Thus the total hydroxyphenyl com- 
pounds were divided into ether-soluble and ether-insoluble 
components. 

RESULTS 

Daily excretion of metabolic products 

The results, calculated on the basis of 12-hour 
periods, are presented in Table I. 

Phenylpyruvic acid. The patient always ex- 
creted phenylpyruvic acid in amounts varying from 
0.45 to 1 .03 grams per 24 hours. The gradual rise 
in excretion during the period of observation may 
perhaps have been due to his higher than custo- 
mary intake of protein. In adult patients on a 
normal diet, Jervis (13) reported a daily output 
of 1.8 to 2.1 grams of phenylpyruvic acid, and Pen- 
rose and Quastel (11a), 1.4 grams. 

Phenyllactic acid. The daily output of phenyl- 
lactic acid varied from 0.29 to 0.55 gram per 24 
hours. Comparable figures for adult patients are 
not available. 

Phenylalanine. The daily urinary output of 
phenylalanine varied from 0.21 to 0.32 gram. 
Because a search of the literature revealed no in- 
formation on the normal urinary excretion of 
phenylalanine, a series of 11 24-hour urine speci- 
mens, from 5 children of comparable age and 
receiving similar diets, was analyzed. The results 
are presented in Table II, together with values 
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TABLE I 


Urinary excretion 0} protein derivatives in phenylpyruvic oligophrenia 


Date 

Weicht 

1 

N'itrOEca 

Phenylalanine dcriratives 

Tyrosine derivatives 

Substance ingested 

Intake 

j 

j Urinary 
output 

1 

1 

Phcnyl- 

PJTUVlc 

add 

Phenyl- 

lactic 

add 

Phenylalanine 

Ether- 

eoluble 

Ether- 

insoluble 

Total 

deform 

i 

l-form 

1 

’ as 

tyrosine 

as 1 
tyrosine 



1 rif ei. ter 

mtm, fer 










ktrt. 

kcm. per 

htyn, ptT 


mtm. pn IS hours 


mgm. per IS hours 1 

grams 



£4 ko'UTS 

IS kouTi 









N’ovcmbcr 27 to 28 

t4J 


175 

258 

134 

101 1 

4 I 

97 

28 

15 





200 

195 

159 

107 

11 

96 

27 

10 


No\*ember 28 to 29 

14.6 

fi72 

200 

260 

245 

124 

19 

105 

28 

20 





180 

271 

265 

139 

5 

134 

47 

14 


November 29 to 30 

14.6 


160 

332 

273 

157 

26 

131 

94 

28 

73 I-tyrosine 




188 

328 

233 

146 

20 

126 

120 

30 


No%*cmbcr30 to December 1 

15.0 

610 

200 

454 

276 

168 

29 

139 

78 

38 





250 

461 

273 

155 

23 

132 

105 

57 


Decenber I to 2 

14.S 

730 

220 

1988 

566 

1951 

1619 

332 

118 

51 

7.4 d.I-phenylalanine 




191 

1332 

910 

686 

323 

363 

63 

33 

! 

December 2 to 3 

14.8 

640 

274 

1294 

366 

367 

66 

301 

77 

38 


i 



219 

737 

437 

200 

32 

168 

56 

17 


December 3 to 4 

14^ 

592 










December 4 to S 

14.7 

656 

247 

517 

263 

153 

39 

114 

56 

20 





188 

512 

291 

159 

30 

129 

44 

15 


December S to 6 

14.fi 

656 

209 

508 

233 

179 

35 

144 

52 

17 

0.2 ascorbic add 




142 

356 

152 

91 

24 

67 

32 

11 

0.2 ascorbic add 

December 6 to 7 

14.9 

640 

193 

446 

199 

163 

18 

145 

37 

13 

0.2 ascorbic add 




198 

447 

200 

141 

13 

128 

34 

14 

0.2 ascorbic add 

December 7 to S 

14.8 

683 

184 

2141 

595 

1388 

844 

544 

54 

14 

0.2 ascorbic add 












7.45 d.I-phenylalanine 




205 

1997 

470 

362 

156 

206 

53 

16 

0.2 ascorbic add 

December 8 to 9 

14.8 

736 

222 

1069 

327 

251 

35 

226 

19 

53 

0.2 ascorbic add 




212 , 

666 

240 

190 

9 

181 

25 

32 



obtained in previous studies in infants. In no in- 
stance did the phenylalanine excretion exceed 53 
mgm. per 24 hours (4.52 mgm. phenylalanine ni- 
trogen), the average being 30 mgm. per 24 hours 
(2.5 mgm. nitrogen) which is less than one- 
seventh the average amount excreted by our pa- 
tient.'' In the normal children, the phenylalanine 
•nitrogen amounted to 0.073 per cent of the total 
urine nitrogen whereas, in the patient with phenyl- 
P3mivic oligophrenia, the phenylalanine nitrogen 
represented 0.42 per cent of the total nitrogen. 
From this, it would appear that this patient, in 
contrast to the patient studied by Jervis (13), ex- 
creted phenylalanine in the urine in amounts sig- 
nificantly above normal. 

The larger part of excreted phenylalanine was 
of the natural l-form. From 4 to 26 per cent 
(average 14 per cent) was d-phenylalanine. If 
this figure is to be considered valid in view of the 
technical difficulties inherent in the determinations 
of small amounts of d-phenylalanine, it must be 


explained on the basis of racemization in the body, 
inasmuch as phenylalanine in the food is xmdoubt- 
edly I-phenylalanine. Such in vivo racemization 
has been shown to occur in the case of d-phenyl- 
aminobufyric acid (du Vigneaud and Irish (14)). 
Racemization would be consistent with the theory 
of Jervis and his colleagues (7) that the excess 
phenylalanine in the blood of phenylpyruvic oligo- 
phrenics is formed from phenylpyruvic acid, al- 
though Foiling, Closs, and Gamnes (15) main- 
tained that the excess phenyllalanine found in the 
blood in their cases was all the levo form. 

Tyrosine derivatives. The daily excretion of 
hydroxj'phenyl compoimds averaged 77 mgm. for 
the ether-soluble and 30 mgm. for the ether- 
insoluble portion. In the 5 normal subjects con- 
cerning whom other data are presented in Table 
II, an average figure for the ether-insoluble frac- 
tion was 27 mgm. There is, therefore, no evidence 
of any abnormal excretion of hydroxyphenyl com- 
pounds in this case of phenylpyruvic oligophrenia. 
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TABLE II 


Urinary excretion of phenylalanine and tyrosine by young infants and children compared to that 
patient with phenylpyruvic oligophrenia, per 24 hours 


of the 


Subject 

Age 

Weight 

D. S. 

Eczema 

3i years 

kgm- 

13.0 

P. M. 

Tuberculosis 

2i years 

14.2 

J.L. 

Tuberculosis, 

malnutrition 

4 years 

13.4 

A. K. 

Dwarfism 

3| years 

8.7 

W. K. 

Mastoid, post-operative 

5 years 

17.5 

Premature infants 

24 days on 9 infants 

8 to 25 
days 

1.82 to 
3.14 

Full term infants 

3 days on 2 infants 

17 to 21 ■ 
days 

3.53 to 
3.88 

S. W. 

Phenylpyruvic 

oligophrenia 

2 years 

14.5 


Protein 

intake 

Total 
nitrogen 
in urine 

Tyrosine’*' 

nitrogen 

Phcnyl- 

alaninet 

nitrogen 

Phenylalanine as 
per cent of total 
nitrogen 

grams per 
kgm. 

grams 

mgm. 

mgm. 


6.8 

8.43 

3.48 

4.52 

0.054 


6.68 

2.89 

3.28 

0.049 

2.6 

1.62 

2.25 

2.23 

0.138 (Thyraol)§ 


2.32 

2.21 

1.78 

0.077 


1.69 

2.20 

3.36 

0,199 (Thymol) 

3.5 

3.53 

1.31 

2.09 

0.059 

4.7 

5.38 

2.50 

4,41 

0,082 

4.1 

2,32 

0,60 

0.66 

0.028 

2.9 

1 4.47 

1.41 

1 

1.68 

0.038 

4.4 

5.77 

1 

2.34 

1 

2.31 

0.040 

4.0 

4.71 

1.75 

1.64 

0.035 

6.0 

0.96 

1.93 

2.25 

0.230 

4.5 

1.66 

0.88 

2.55 

0.150 

4.2 

5.68 

4,10 

23.29 

0.41 

4.1 

5.78 

2.32 

25.06 

0.43 


* One mgm. tyrosine nitrogen is equivalent to 12.93 mgra. of the amino acid, 
t One mgm. phenylalanine nitrogen is equivalent to 11.79 mgm. of the amino acid. 
§ Poor specimen — several enureses. 


Effect of ingestion of tyrosine 

Seven and three-tenths grams 1-tyrosine (0.5 
gram per kgm.) was administered by mouth in a 
single dose without significant effect on the urinary 
excretion of phenylpyruvic acid or phenylalanine 
(Table I). The slight increase in tyrosine and its 
derivatives represented roughly 2 per cent of the 
amount ingested and is not indicative of any fault 
in the metabolism of tyrosine. This confirms the 
I'esults obtained by Jems (13). 

Effect of ingestion of phenylalanine 

The ingestion of 7.4 grams d,I-phenylalanine 
(0.5 gram per kgm.) caused a marked increase in 
the urinary excretion of phenylpyruvic and phenyl- 
lactic acids and phenylalanine. In the first 24 
hours, 2.404 grams phenylpyruvic acid, 0.926 gram 
phenyllactic acid, and 2.313 grams phenylalanine 
were excreted in excess of the foreperiod levels, 
thus accounting for approximately 76 per cent of 


the ingested dose (Table III). Within 48 hours, 
the extra excretion had amounted to 98 per cent 
of the ingested dose." 

The maximum excretion of phenylpyruvic acid 
and phenylalanine was reached during the first 12 
hours, whereas phenyllactic acid excretion reached 
, its peak during the second 12 hours. 

The magnitude of phenylpyruvic acid increase'^ 
after phenylalanine is comparable to that observed 
by Penrose and Quastel (11a) who gave 3 grams 
of phenylalanine to phenylpyruvic oligophrenic 
adults and obtained an excretion of extra phenyl- 
pyruvic acid equivalent to the total phenylalanine 
fed. 

2 As was suggested in the description of methods, the 
values for phenyllactic acid may be too high, both in fore- 
periods and after amino acid ingestion. Even disregard- 
ing entirely- this fraction, a minimum of 64 per cent of 
ingested phenylalanine is accounted for in the first 24 
hours by the excretion of phenylalanine and phenylpyruvic 
acid, and 82 per cent in 48 hours. 
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TABLE HI 


Urinary excretion of phenylalanine derivatives after 
ingestion of d,l-phenylalanine 



Phenyl- 

Phenyl- 

I.ialc 

acid 

Phenylalanine 

Total 


add 

d-form 

1-form 

INGESTION OF 7.4 

GRAMS 

d,I-rnENTXALANINE 


Foreperiod level — mgm. 

458 

275 

26 

136 


Extra excretion 

First 12 hours — mgm. 
Per cent of intake* 

1530 

20.7 

291 

3.9 

1593 

21.5 

196 

2.6 

48.7 

2nd 12 hours — mgm. 
Per cent of intake 

874 

11.8 

635 

8.7 

297 

4.0 

227 

3.1 

27.6 

3rd 12 hours — mgm. 
Per cent of intake 

836 

11.3 

91 

1.2 

40 

0.5 

165 

2.2 

15.2 

4th 12 hours — mgm. 
Per cent of intake 

279 

3.8 

162 

2.2 

6 

0.1 

32 

0.4 

6.5 






98.0 

INGESTION OF 7.45 

: GRAilS 

d,l-PHENYLALANINEt 


Foreperiod level — mgm. 

447 

200 

16 

137 


Extra excretion 

First 12 hours — mgm. 
Per cent of intake 

1694 

22.7 

395 

5.3 

828 

11.1 

407 

5.5 

44.6 

2nd 12 hours — mgm. 
Per cent of intake 

1550 

20.8 

270 

3.6 

140 

1.9 

69 

0.9 

27.2 

3rd 12 hours— jmgm. 
Per cent of intake 

622 

8.3 

127 

1.7 

19 

0,3 

89 

1.2 

11.5 

4th 12 hours — mgm. 
Per cent of intake 

219 

2.9 

40 

0.5 

-7 

-0.1 

44 

0.6 

3.9 






87.2 


* The molecular weights of these three compounds are 
so nearly identical that calculations of percentages or suras 
of percentages are the same whether reported “as phenyl- 
J^yruvic add,” “as phenyllactic add” or "as phenyl- 
alanine.” 

t Diet unchanged except for ingestion of 0.4 gram 
ascorbic add daily. 

The high excretion of phenylalanine, both be- 
fore and partiodarly after the ingestion of this 
substance, was in contrast to the observation of 
Jervis (13) who found none at all in the urine 
of a phenylpyruvic oligophrenic, even after admin- 
istering phenylalanine by mouth. Foiling, Qoss, 
and Gamnes (15), using a qualitative method, re- 
ported that an increased excretion of phenylalanine 
followed the oral or intravenous administration of 
d-phenylalanine to their human subjects. 


It is interesting to note that only about 6 per 
cent of the ingested d,l-phenylalanine was excreted 
as the 1-isomer, whereas 13 to 25 per cent of it 
was excreted as d-phenylalanine. Presumably the 
body excreted more of the unnatural enantiomorph 
which is less readily metabolized. 

Effect of ascorbic acid 

Because vitamin C has been shown to prevent 
or relieve a defect in the metabolism of tyrosine 
and phenylalanine exhibited by premature infants 
(16), it was tested in this case of phenylpyruvic 
oligophrenia (Tables I and III). It was com- 
pletely without effect in relieving the spontaneous 
phenylketonuria and did not prevent the increased 
excretion of the metabolic products of phen 3 dal- 
anine after the administration of the amino acid. 
It is unlikely that the small differences in the rate 
and pattern of excretion of the derivatives in the 
two sets of observations following phenylalanine 
ingestion are attributable to ingested ascorbic acid. 
Jervis (17) found similar results in his patients. 

DISCUSSION 

The path of normal metabolism of phenylalanine 
is still a matter of speculation. Presumably, it is 
first deaminized to form the -keto acid, phenyl- 
pyruvic acid, which may then be completely oxi- 
dized. There is, however, evidence that at least 
some phenylalanine may be converted in the body 
to tyrosine or its metabolic products, p-hydroxy- 
phenylpyruvic and p-hydroxyphenyllactic acids 
(18). In phenylpyruvic oligophrenia, there is 
apparently no impairment in the metabolism of 
tyrosine. Even after the administration of tyro- 
sine or phenylalanine there is no significant in- 
crease in urinary excretion of substances giving 
the Millon reaction. This finding, taken in con- 
jimction with the fact that ingested phenjdalanine 
can be accounted for almost quantitatively as ex- 
cess phenylpyruvic and phenjdlactic acids and 
phenylalanine, would indicate that phen 3 dp 3 "ruvic 
oligophrenics do not metabolize phen 3 dalanine by 
way of tyrosine. It is interesting to speculate 
whether tyrosine, which is not considered an essen- 
tial amino acid in normal individuals, may be es- 
sential in these cases. If patients with phenyl- 
P3'ruvic oligophrenia are unable to form tyrosine 
from phenylalanine or its metabolic products, then 
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TABLE II 


Urinary excretion of phenylalanine and tyrosine by young infants and children compared to that of the 
pahent with phenylpyruvic oligophrenia, per 24 hours 


Subject 

Age 

Weight 

Protein 

Intake 

Total 
nitrogen 
in urine 

Tyrosine* 

nitrogen 

Phenyl- 

alaninet 

nitrogen 

Phenylalanine as 
per cent of total 
nitrogen 

D. S. 

Eczema 

• 

kern. 

srams per 
ksm. 

grams 

mgm» 

mgm. 


3| years 

13.0 

6.8 

8.43 

6.68 

3.48 

2.89 

4.52 

3.28 

0.054 

0.049 

P. M. 

Tuberculosis 

2i years 

14.2 

2.6 

1.62 

2.32 

2.25 

2.21 

2.23 

1.78 

0,138 (Thymol)§ 
0.077 





1.69 

2.20 

3.36 

0.199 (Thymol) 

J.L. 

Tuberculosis, 

malnutrition 

4 years 

1 

13.4 

3.5 

4.7 

3.53 

5.38 

1.31 

2.50 

2.09 

4.41 

0.059 

0,082 

A. K. 

Dwarfism 

3^ years 

8.7 

4.1 

2.9 

2.32 

4.47 

1 

0.60 

1.41 

0.66 

1.68 

0.028 

0.038 

W. K. 






1 


Mastoid, post-operative 

5 years 

17.5 

4.4 

5.77 

2.34 

2,31 

0.040 




4.0 

4.71 

1.75 

1.64 

0.035 

Premature infants 

8 to 25 

1.82 to 

6.0 

0.96 

1.93 

2.25 

0.230 

24 days on 9 infants 

days 

3.14 


Full term infants 

17 to 21 ■ 

3.53 to 

4.5 

1.66 

0.88 

2.55 

0.150 

3 days on 2 infants 

days 

3.88 


S. W. 

2 years 

14.5 

4.2 

5.68 

4.10 

23.29 

0.41 

Phenylpyruvic 



4.1 

5.78 

2.32 

25.06 

0.43 

oligophrenia 






* One mgm. tyrosine nitrogen is equivalent to 12.93 mgm. of the amino acid, 
t One mgm; phenylalanine nitrogen is equivalent to 11.79 mgm. of the amino acid. 
§ Poor specimen — several enureses. 


Effect of ingestion of tyrosine 

Seven and three-tenths grams I-tyrosine (0.5 
gram per kgm.) was administered by mouth in a 
single dose without significant effect on the urinary 
excretion of phenylpyruvic acid or phenylalanine 
(Table I). The slight increase in tyrosine and its 
derivatives represented roughly 2 per cent of the 
amount ingested and is not indicative of any fault 
in the metabolism of tyrosine. This confirms the 
results obtained by Jervis (13). 

Effect of ingestion of phenylalanine 

The ingestion of 7.4 grams d,l-phenylalanine 
(0.5 gram per kgm.) caused a marked increase in 
the urinary excretion of phenylpyruvic and phenyl- 
lactic acids and phenylalanine. In the first 24 
hours, 2.404 grams phenylpyruvic acid, 0.926 gram 
phenyllactic acid, and 2.313 grams phenylalanine 
were excreted in excess of the foreperiod levels, 
thus accounting for approximately 76 per cent of 


the ingested dose (Table III). Within 48 hours, 
the extra excretion had amounted to 98 per cent 
of the ingested dose.® 

The maximum excretion of phenylpyruvic acid 
and phenylalanine was reached during the first 12 
hours, whereas phenyllactic acid excretion reached 
.its peak during the second 12 hours. 

The magnitude of phenylpyruvic acid increase 
after phenylalanine is comparable to that observed 
by Penrose and Quastel (11a) who gave 3 grams 
of phenylalanine to phenylpyruvic oligophrenic 
adults and obtained an excretion of extra phenyl- 
pyruvic acid equivalent to the total phenylalanine 
fed. 

2 As was suggested in the description of methods, the 
values for phenyllactic acid may be too high, both in fore- 
periods and after amino acid ingestion. Even disregard- 
ing entirely- this fraction, a minimum of 64 per cent of 
ingested phenylalanine is accounted for in the first 24 
hours by the excretion of phenylalanine and phenylpyruvic 
acid, and 82 per cent in 48 hours. 
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they must be dependent on a dietary intake of tyro- 
sine for their metabolic needs of this amino acid. 

Undoubtedly, phenylalanine is deaminized to 
phenylpyruvic acid, but the mechanism and site 
of this deamination are still uncertain. If it 
takes place chiefly in the liver, one would expect 
to find phenylpyruvic acid in the blood in the 
process of transportation to the kidneys. Both 
Foiling, CIoss, and Gamnes (15) and Jervis and 
his colleagues (7) were unable to find significant 
amounts of phenylpyruvic acid in the blood of 
their patients, but they did find abnormally large 
amounts of phenylalanine in the blood. Jervis 
concluded that the essential defect of the subjects 
is an inability to dispose of phenylalanine at a 
normal rate rather than a failure to break down 
phenylpyruvic acid, as had been previously as- 
sumed. The presence of phenylpyruvic acid in 
the urine he considered to be an incidental phe- 
nomenon, resulting from the deamination of a 
portion of the blood phenylalanine by kidney 
tissue. 

The excretion by our subject, S. W., of large 
amounts of phenylalanine after ingestion of this 
substance may have been due to the size of the 
dose given (7.4 grams, 0.5 gram per kgm. of body 
weight), which was much greater than that which 
Jervis (13) administered to his patient. The 
amounts of phenylalanine in the urine of S. W. 
were of the same order of magnitude as those 
found in normal infants given comparable doses 
(18). The latter, however, never exhibited the 
most striking metabolic characteristic of the 
phenylpyruvic oligophrenic, namely, the excretion 
of significant amounts of phenylpyruvic acid, and 
they did, in the absence of vitamin C, show evi- 
dence of conversion of phenylalanine to tyrosine 
which was not observed in the oligophrenic 
subject. 

The clinical value of the qualitative test for 
phenylpyruvic acid in the urine of infants sus- 
pected of mental retardation should be emphasized. 
The test should be applied especially in those re- 
tarded children who are blond in coloring, and 
whose mental deficiency is suspected on the basis 
of slowness in acquiring behavior patterns and yet 
seems to be belied by an attractive facial appear- 
ance. The presence of eczema, of a family his- 


toiy positive for mental deficiency, or of neuro- 
logical manifestations characteristic of extrapyra- 
midal tract involvement, should also lead to a sus- 
picion of this disease, though their absence does 
not rule it out. 


SUMMARY 


1. Studies were carried out on the metabolism 
of phenylalanine and tyrosine in a patient with 
phenylpyruvic oligophrenia. 

2. The patient always excreted phenylpyruvic 
acid in the urine in amounts varying from 0.45 
to 1.03 grams per 24 hours. The daily excretion 
of phenyllactic acid varied from 0.29 to 0.55 gram 
and of phenylalanine from 0.21 to 0.32 gram per 
24 hours. 

3. The administration of d,l-phenylalanine (0.5 
gram per kgm.) resulted in a prompt rise in the 
excretion of phenylpyruvic and phenyllactic acids 
and phenylalanine. Within 24 hours after feed- 
ing, 76 per cent of it had been excreted; 32 per 
cent as extra phenylpyruvic acid, 13 per cent as 
phenyllactic acid, and 31 per cent as extra phenylal- 
anine, about three quarters of the latter being d- 
phenylalanine and the remainder the 1-isomer. 
Within 48 hours, the extra excretion had amounted 
to 98 per cent of the ingested dose. 

4. The administration of 1-tyrosine in similar 
dosage (0.5 gram per kgm.) had no significant 
effect on the excretion of phenylpyruvic acid, nor 
was there any evidence of an abnormality in the 
metabolism of tyrosine. 

5. The administration of large doses of ascorbic 
acid (0.4 gram per day) had no effe^t^ either on 
the spontaneous excretion o| 

or on the increased increi^' 

following the ingestioi.^^p^^^yg that observed 

6. The absence ink gave 3 grams 

amounts of hydroxyphU^j^ylpyruvic oligophrenic 
tient, spontaneously anf j-etion of extra phenyl- 
of phenylalanine, suggeV total phenylalanine 

vivo of phenylalanine to \ 

to take place in the norj 

in patients with phenylp’c description of methods, the 

finding is consistent wii™^y ^°^j:-^reeard 

, . , , id ingestion. Even disregard- 

Jervis and his coworkerj of 64 per cent of 

the primary metabolic accounted for in the first 24 
handle phenylalanine. pylalanine and phenylpyruvic 


;hours. 
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INTRODUCTION* 

In a recent stud}' ( 1 ) , it ^Yas demonstrated that 
severe h}’pochlorcmia and alkalosis could be in- 
duced gradually in the dog, by means of continued 
loss of chloride, without the development of a 
marked azotemia or detectable renal injury. 
Kerpel-Fronius (2), Kerpel-Fronius and Butler 
(3), Ambard (4), and Hiatt (5) had previously 
made similar observ’ations in the dog and rabbit. 
The purpose of the present investigation was to 
determine whether or not the same situation could 
be induced in man. 

METHOD OF STUDY 
I. Experimental hypochlorcmia 

Chloride depriration was produced rather slowly by 
Wangensteen aspiration of the gastric contents, for ^•ary- 
ing lengths of time in 2 adult men (Cases M. S. and 
W. L.) with pyloric obstruction secondary to duodenal 
ulcer. 

The patients received no food or fluid by mouth during 
the period of chloride withdrawal ; 3000 to 4500 cc. of 5 
per cent glucose in distilled water were administered 
intravenously each day. The serum chloride, carbon 
dioxide, pH, and blood urea nitrogen were measured fre- 
quently (6). Renal function in case M. S. was deter- 
mined by the urea clearance test (7). Measurements 
were made also of the serum calcium (8), phosphorus 
(9), and potassium (10). The cell volume was deter- 
mined frequently by hematocrit readings. The plasma 
proteins were determined by the Hanna-Campbell method 
(11), a modified macro-Kjeldahl technique being em- 
ployed for the nitrogen analysis; 4 per cent boric acid 
was used to absorb the ammonia released. The blood 
sodium was measured by a modification of the Butler- 
Tuthill method (12) ; the phosphate of the serum was 
removed by ignition with ferric sulfate and the sodium 
determined on an aliquot from which the insoluble iron 
salt had been removed by centrifugation. The urinary 
sodium was determined in case M. S. by the same tech- 
nique as that used for the serum sodium, modified as to 
the volume used; ferric salt was added in amounts suf- 
ficient to prevent interference by phosphates. The total 

^This study was supported in part by a grant from 
John Wyeth and Bro., Inc., Philadelphia, Pennsylvania. 


base was measured by a modification of the Stadie-Ross 
technique (13) ; the serum was ashed as for the sodium 
analysis: the ash was taken up in 45 cc. of water, the 
bases precipitated with benzidine hydrochloride, and the 
difference between the titration of the acidity of this 
filtrate and that of the original reagents used as a meas- 
ure of the total base. 

The patients’ body weights w'ere checked frequently. 
The fluid intake and output were recorded daily. The 
pH of the urine was determined with a Beckman pH 
meter; the chloride content of the urine was measured 
by the Van Slyke-Sendroy method (14) ; and the am- 
monia plus ammonium salts determined by the technique 
of Henriques and Sorensen (15). The volume, pH, and 
chloride content of the aspirated gastric secretions were 
measured similarl 5 '. 

Aspiration of the stomach was discontinued after a 
severe but safely obtainable state of chloride depletion 
had been achieved. The body chloride was then replaced 
gradually in case M. S., over a period of 26 days, by the 
"addition of increasing amounts of salt. The body chlo- 
ride was replaced more rapidly in case W. L. (within 6 
daj's) by the parenteral administration of saline solution. 

II. Hypochloremia incidental to ulcer therapy 

The problem was studied further in 10 patients with 
alkalosis and chloropenia complicating the treatment of 
peptic ulcer. While two factors were operative in this 
latter group, i.e., chloride loss and alkali ingestion, these 
cases are included because of the absence of nitrogen 
retention and because the evidence indicated that the 
major, indeed, if not the only, factor in the acid-base 
disturbance was the hypochloremia. 

RESULTS 

I. Experbnental hypochloremia 

Case M. S. {Unit no. 204878 (Figures 1 and 
2). A 3S-year-old salesman had taken alkalis 
intermittently for 5 years for the relief of symp- 
toms from a stenosing duodenal ulcer. He had 
been vomiting for 5 days prior to hospitalization. 
Five per cent glucose in both normal saline and 
distilled w'ater was administered intravenously 
during the first 4 days. Continuous Wangensteen 
aspiration of the gastric contents rvas begun on 
the 5th day and continued for 96 hours. The 
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Fig. 1. Experiment 1, The Effect of a GEADUALi-y Induced Hypochloremia on 

THE Serum Electrolytes in Man 


gastric contents removed each day were acid, the 
pH ranging from 1.84 to 2.70; the amounts varied 
daily from 1100 to 3090 cc. Wangensteen suction 
was then limited to a period of 10 hours daily, 
the amounts withdrawn ranging from 440 to 1200 
cc. The intravenous intake of fluid during the 
period of gastric aspiration consisted of 5 per cent 
glucose in distilled water, except for 1500 cc. nor- 
mal saline given on the 12th day. This repre- 
sented the only chloride (8.1 grams) taken by the 
patient during the interval from the 4th to the 
16th hospital days. The salt intake was then in- 
creased very gradually until discharge from the 


hospital on the 39th day, at which time the pa-S 
tient was receiving 3.7 grams of chloride daily.| 
This amount was increased to 5.3 grams daily one] 
week later, and the chloride intake was main-^ 
tained at this level until the experiment had been j 
concluded. 

The lowest serum cljloride of 53.8 mM./L. was 
obtained on the 11th a^y. The maximum blood 
urea nitrogen of 30 mgm. per cent was obtained 
at a time when the serum chloride measured 63.6 
mM./L.; the values ranged usually from 14.2 to 
19.6 mgm. per cent. The blood sodium decreased 
to 115.2 m.eq./L. and the total base to 133.3 
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m.cq./L. The scrum calcium and potassium were 
normal. The urea clearance was not lowered sig- 
nificantly. The patient lost 23 pounds in weight ; 
^thc presence of dehydration was further indicated 
by the increased hematocrit readings and the high 
plasma protein values. 

The serum electrolytes, hematocrit, and plasma 
proteins gradually returned to normal during the 
period of chloride replacement. The blood urea 
nitrogen ranged from 8.1 to 14.3 mgm. per cent. 
At the conclusion of the experiment, the patient’s 
body weight had returned to its original level. 
The daily volume of urine varied from 775 to 1920 
cc., usuall}' exceeding 1000 cc. ; the pH ranged 
from 5.9 to 6.85. Its chloride content was mark- 
edly reduced; no chloride was found in the urine 


on 5 days. Sodium excretion paralleled the values 
found for chloride ion. Ammonia excretion in 
the urine, as was to be expected, was diminished. 

A histamine test performed on the 19th day 
(serum chloride bet-ween 65.5 and 68.8 mM./L.) 
revealed normal gastric secretion; the pH of the 
various samples of gastric juice ranged from 1.31 
to 1.71. An examination of the spinal fluid on 
the 25th day (serum chloride behveen 68.5 and 
78.8 mM./L.) revealed a clear fluid under normal 
pressure. The chloride measured 100.4 mM./L. 
and the total base 141.5 mM./L. (both values mod- 
erately reduced). The calcium was 4.8 mgm. per 
cent and the urea nitrogen 16.7 mgm. per cent 
(both values normal). 

The patient was very weak and listless during 



Fig. 2. Experiment 1. Additionai, Data. Hypochloeemia in Man 
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Fig, 3. Experiment 2, The Effect of a Gradually Induced Hypochloremia 
ON THE Serum Electrolytes in Man 


the period of chloride depletion. He had no appe- 
tite and complained of a loss of the sense of taste. 
Mild muscular twitchings appeared on the 12th day 
(serum chloride 53.8 mM./L.) at which time the 
patient received the 1500 cc, ' normal saline intra- 
venously, as noted above. The blood pressure, 
originally 130/95, decreased during the period of 
hypochloremia; the systolic values ranged from 
90 to 110 and the diastolic from 60 to 72. The 
blood pressure at the completion of the experiment 
was 126/84. The patient’s clinical course during 
the period of gradual chloride replacement was 
characterized by a steady gain in strength and 
improvement in appetite. 

Case W. L. (Unit no. 254018) (Figures 3 and 
4). A 39-year-old male had experienced ulcer 
symptoms for several years. He entered the hos- 
pital because of a recent massive hemorrhage and 


marked pyloric obstruction. Therapy consisted of 
Wangensteen aspiration of the gastric contents, 
3 blood transfusions, and, for the first week, 1500 
to 3000 cc, of 5 per cent glucose in normal saline 
each day. On the 8th day and for the neirt.S 
days, the patient received 5 per cent glucose in 
distilled water. An average of 1860 cc. of gastric 
contents were aspirated daily; the pH of the as- 
pirates ranged from 1,94 to 2.58. Wangensteen 
suction then was discontinued; the patient, how- 
ever, vomited large amounts of gastric contents on 
several occasions. Saline therapy was resumed on. 
the 14th hospital day and the patient was given 
from 3000 to 4500 cc. of 5 per cent glucose in 
normal saline and distilled water daily. Aspira- 
tion of the stomach was resumed on the 20th day 
but the electrolyte loss now was replaced by the 
use of parenteral fluids. 
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The scrum chloride decreased to 58.9 mM./L. 
The maximum blood urea nitrogen was 23.1 mgm. 
per cent, with the values ranging usually from 
13.1 to 21.2 mgm. per cent. The lowest blood 
sodium was 129.2 m.cq./L., obtained on the day 
of the lowest scrum chloride. The serum cal- 
cium, phosphorus, and potassium were normal. 
Adequate urea clearance studies were not obtained 
in this case. The patient lost S pounds in weight. 
The plasma protein and hematocrit values were 
elevated. The volume of urine varied from 660 
to 4000 cc. daily, usually approximating 3000 cc. ; 


the pH ranged from 6.41 to 7.48. The chloride 
content of the urine was markedly reduced. 

The patient gradually became veiy weak and 
listless during the period of chloride depletion. 
His blood pressure, originally 125/92, decreased 
slightly; the systolic ranged from 90 to 116 and 
the diastolic, from 68 to 90. These manifesta- 
tions disappeared rapidly, however, as the acid- 
base balance was restored. 

Comment. The maximum blood urea nitrogen 
values of 30.0 and 23.3 mgm. per cent noted in 
these 2 cases are in sharp contrast to the severe 



Fig. 4. Experiment 2. Abditionai. Data. HypocHLosEinA in Man 
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nitrogen retention observed by other workers in 
patients with hypochloremia and alkalosis sec- 
ondary to pyloric obstruction, or during experi- 
mental salt deficiency produced by diet and sweat- 
ing (16), but are in agreement with the findings 


of Kerpel-Fronius (2) and Kerpel-Fronius and 
Butler (3). Dehydration was present in both pa- 
tients as evidenced by the significant weight loss 
and the high hematocrit and plasma protein values. 

Since large quantities of glucose in distilled 


TABLE I 

Hypochloremia without azotemia during alkalosis 
(10 Patients) 


Case 

Sex — ^Age 

Add-base balance 

BuN 

1 

Urea 

clearance 

Day of treatment 

Gastric 

aspiration 

Therapy 

Serum 

Cl 

Serum 

COs 

pH 

Average 

daily 

amount 

Num- 
ber of 
days 

J. s. 

264531 
M— 26 

mM.IL. 

65.9 

92.1 

92.2 

mM.IL. 

38.0 

32.0 

35.1 


ingm. 
per cent 

18.4 

16.9 

{)ir cent 

I average 
normal 

90 

' 1 

no 

2nd 

3rd 

5th 

cc, 

622 

4 

Calcium carbonate; parenteral 
fluids; gastroenterostomy on 8th 
day. 

J. C. 
185870 
M— 29 

79.0 

67.6 

85.2 

38.6 

38.2 

32.4 

7.62 

7.63 
7,50 

21.2 

14,6 

8.8 

113 

200 

91 

4th 

7th 

393 

11 

Sippy powders; NaCl (4 to 6 
grams) started on 6th day. 

D. H. 
112315 
M— 45 

98.4 

80.4 
92.8 

26.3 

36.9 

35,2 

i 

10,4 

7.9 

1 

H 

217 

16 

Calcium carbonate; NaCl (5 
grams) started on 14th day. 

J. K. 
198489 
F— 55 

90.0 

86.2 

89.2 

29.9 
35,0 

34.9 

7.39 

7.46 

7.50 

15.0 

9,1 

13.7 

41 

1 67 

53 

n 

207 

20 

Calcium carbonate; no NaCl. 

T. S. 
212524 
M— 49 

94.8 

81.8 
84.8 
97.6 
99.0 

32.8 

36.4 

31.5 

28.8 

7.48 
7.54 

7.49 
7.47 

1 7.48 

1 

14.5 

19.6 
15.2 
10.4 

8.1 

I 

6th 

12th 

18th 

29th 

33rd 

148 

1 

16 

1 

1 

Calcium carbonate; no NaCl. 

F. W. 
194370 
M— 43 

96.7 

82.8 
82.6 
98.8 
96.6 

31.7 

37.3 

37.5 

29.5 
31.2 

I 7,56 
7.55 
7.53 
7.38 
7.44 

12.9 
12.4 
! 12.2 
( 11.4 

143 

93 

200 

! 

2nd 

9th 

14th 

18th 

22nd 

177 

1 

i 

17 

Sippy powders NHiCl (4 to 6 
grams) 15th to 22 nd days. 

1 

W. B. 1 
211777 
M— 51 

80.6 

85.6 

98.1 
96.8 

97.2 

31.8 

47.4 

41.1 
28.0 1 

32.4 

34.2 

7.48 
7.73 
7.62 

7.49 

7.49 
7.45 

18.7 

20.6 

18.7 

8.8 

16.9 

18.3 

15.3 

96 

128 

54 

69 

148 

7th 

13th 

16th 

28th 

40th 

47th 

1 year later 

354 

43 

Calcium carbonate; NaCl (ip 
grams) 8th to 22nd days; vari- 
ous alkalis from 2Sth to 38tn 

days; calcium carbonate^ then 

resumed. 

H. B. 
225751 
M— 49 

90.4 

83.0 

97.0 
101.8 

30.6 

39.4 

35.0 

31.0 

■ 

23.2 

18.7 

15.7 

11.7 
12.0 

85 

76 

102 

4th 

9th 

13th 

17th 

4 months later 

356 

17 

Calcium carbonate; NaCl started 
on 10th day; 200 cc. 5 per cent 
saline intravenously on wth 
day. 

loil)9 
M— 37 

84.3 

95.2 

100.2 

42.9 

30.9 
36.0 

32.9 

7.71 
7.51 ’ 
7.53 
7.50 

17.3 1 

15.0 

11.1 

83 j 

1 

j 

112 

15 th 

18th 

22nd 

24th 

1 week later 

85 

20 

Sippy powders; NH4C1 (2 to 6 
grams) from 16th to 20th days. 

A. G. 

232838 

M~52 

96.0 

89.4 

87.8 

87.4 

91.9 

31.1 
34.4 

35.6 

36.7 

35.1 

7.54 

7.47 

7.48 

7.49 
7.52 

11.7 

22.4 

14.2 

11.7 

1 

1 

80 

2nd 

4th 

8th 

lOth 

13th 

100 

15 

Calcium carbonate; NaCl (3 
grams) started on 12th day. 
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water were administered dailj’, it would appear 
that, as in the dog experiments, dehydration did 
not exist in the sense of deprivation of water but 
M-as present in the sense that fluid could not be 
retained in the body due to the marked depletion 
of electrolytes. The volume of urine excreted by 
both patients during the period of hypochloremia 
was large; the dailj' output averaged 1340 cc. in 
case M. S., and 1317 cc. in case W. L. The urea 
clearance in case M. S. was not altered signifi- 
cantly, and the absence of a marked elevation of 
the blood urea nitrogen is further e\ddcnce of 
satisfactoiy renal function. Despite the severe 
chloropenia, the pH and chloride content of the 
gastric aspirations were reduced onlj' slight!}' ; and 
the pH A'alues of the histamine-stimulated gastric 
juice in case M. S. were as low as one finds in the 
histamine-stimulated gastric secretion of indi- 
viduals with a normal acid-base balance. This 
finding is in accord with the observations made in 
dogs (1). The decrease in the spinal fluid chlo- 
ride and total base noted is, of course, to be ex- 
pected; McCance (17) and Agar and MaePherson 
(18) have reported similar findings. It is of 
interest that these values were not lower than 
they were, in view of the severe hypochloremia and 
hyponatremia. The explanation for this discrep- 
ancy is not apparent. 

II. Hypochloremia incidental to ulcer therapy 

In Table I are recorded the acid-base balance 
and other data in 10 patients with alkalosis and 
hypochloremia, complicating the antacid treatment 
of peptic ulcer. Large amounts of gastric content 
had been aspirated in 8 of this group. In no in- 
stance was there any significant azotemia. Hypo- 
chloremia apparently had occurred gradually in all 
10 patients. 

GENERAL DISCUSSION 

This study confirms the results of the animal 
experiments referred to earlier, as well as the work 
• of Kerpel-Fronius, and Kerpel-Fronius and But- 
ler, and demonstrates that, in man also, a severe 
hypochloremia is not necessarily accompanied b}' 
azotemia. The important factors which determine 
the extent of urea nitrogen elevation during hypo- 
chloremia, apparently, are the speed with which 


the chloride loss is induced, and the degree and 
rapidity of the dehydration associated w'ith the 
chloropenia. An abrupt depletion of chloride is 
associated with an equally abrupt and marked loss 
of sodium and, therefore, of body water, as shown 
by Gamble and others (19). Loss of fluid de- 
creases the circulating blood volume which, by 
reducing the venous return to the heart, pre- 
sumably lowers the cardiac output. This course 
of events may actually lead to peripheral circula- 
tor}' failure. The blood flow through the kidney 
and the effective glomerular filtration pressure are 
consequently lowered. The severe nitrogen reten- 
tion and decreased renal function, noted under 
these conditions by other workers, evidently repre- 
sent a decreased renal circulation rather than in- 
trinsic renal disease. The absence of azotemia 
during hj'pochloremia in the present experiments 
may be attributed to two factors: (a) the gradual 
deprivation of chloride, allowing the patients to 
make fairly satisfactory adjustments to the severe 
electrolyte changes, and (&) the daily administra- 
tion of large quantities of water which tended to 
“wash out” the urea nitrogen and apparently main- 
tained an adequate blood flow through the kidney. 

CONCLUSIONS 

1. Severe alkalosis without marked nitrogen re- 
tention may be induced in man by the -gradual 
withdrawal of gastric secretion. 

2. Such hypochloremia and alkalosis are not 
associated with decreased renal function, as meas- 
ured by the urea clearance test, when adequate 
quantities of fluid are administered daily. 

3. Gastric secretion in man is not altered signifi- 
cantly by severe hj'pochloremia. 

The authors wish to acknowledge the valuable technical 
assistance of Miss Jacqueline Front 
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The biochemical process by which cells of the 
stomach produce hydrochloric acid remains a mys- 
tery'. Although the approximate concentration of 
the acid has been calculated on indirect evidence, 
the exact concentration as it is secreted has not 
been determined in any animal. This is despite 
the fact that, over a period of man)' years, in- 
creasingly precise observations have been made. 

The difficulty confronting observers is that the 
same area of the stomach which secretes the hydro- 
chloric acid also forms pepsin and mucin, and 
allows the passage of certain inorganic electrolytes 
and urea between the blood and stomach lumen. 
Little light has been thrown on this subject by 
anal3'ses of the gastric contents of the stomach, 
since swallowed saliva and regurgitated secretions 
from the duodenum inconstantly contaminate the 
contents. Gastric pouches were first conceived to 
discount the inaccuracies of studying gastric con- 
tents, and indeed, examination of fluid collected 
from a pouch of the stomach of an experimental 
animal yields accurate information. It is fre- 
quently assumed, however, that this fluid from 
pouches represents true secretion. No account is 
taken of a possible concomitant absorption of water 
or electrolytes* from the gastric lumen into the 
lymphatics or blood stream. Unless reabsorption 
can be excluded, the fluid within a pouch does not 
represent secretion but the resultant of secretion 
and absorption. 

During the course of experiments on the effect 
of the osmotic pressure of gastric pouch contents 
on the volume of secretion (1), it became obvious 
that absorption from the pouch must be controlled. 
It is known that some substances are absorbed 
from the stomach in small quantities (2), but it 
IS not known whether all of the observed absorp- 
tion takes place from the antrum or from the body 
of the stomach. In contrast to the body of the 
stomach which secretes the hydrochloric acid, the 


antrum secretes a neutral mucoid liquid. Since 
the main part of absorption from the gastro- 
intestinal tract takes place in the intestine, the con- 
tents of which are neutral or alkaline, it is con- 
sidered possible that most or all of the absorption 
attributed to the stomach might well occur in the 
antrum. 

Recently, Eisenman ef al. (3) have reported the 
absorption of various radioactive isotopes from 
the stomach, but no attempt to differentiate be- 
tween antrum and body was reported. 

The experiments reported in this and the subse- 
quent paper (4) were devised, not only to examine 
the conditions controlling absorption from the 
stomach, but also to judge the relative absorptive 
powers of the antrum and bod}' of the stomach. 

METHODS 

Dogs with a pouch of either the body or antrum of 
the stomach were used. Pouches of the body were made 
in the manner previously described (5). There is no 
leakage from these pouches. Fluid can be introduced or 
withdrawn from the pouch by passing a catheter through 
the stoma in the flank. 

In order to maintain the chloride balance, ammonium 
and sodium chloride are given by stomach tube to the 
dogs at regular intervals throughout the day. One thou- 
sand to 1500 cc. of acid secretion are lost daily from the 
pouch. This amounts to nearly one-third of the available 
fluid volume of the dog. Since the chloride concentration 
of the secretion is higher than that of plasma or lymph, 
it is obvious that such animals would be rapidly depleted 
of chloride if this electrolyte were not returned constantly. 
The gastric fluid collected from the pouch is not returned 
to the animal because it is often alkaline from an excess 
of sodium bicarbonate solution, put in after the previous 
emptying. Neutralization of the gastric secretion is neces- 
sary over any extended period to prevent peptic digestion 
of the pouch wall. Bicarbonate solution is omitted the 
afternoon before an experiment. 

Pouches of the antrum were made by a tivo stage tech- 
nic. At a first operation, the antrum was divided from 
the body of the stomach. Both the anterior and posterior 
walls of the stomach were divided from the incisura to 
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the opposite point on the greater curvature. The terminal 
branches- of both vagus nerves which pass to the antrum 
(5), and the sympathetic nerves which pass with the 
vessels, were spared. The open end of the antrum was 
closed to form the antral pouch. The open end of the 
body was anastomosed to the upper jejunum. At a sec- 
ond operation, 3 or more weeks later, when the suture 
lines of the first were well healed, the duodenum was 
divided 0.5 cm. distal to the pyloric ring. The duodenal 


stump was turned in. The pylorus with the cuff of duo- 
denum was then pulled through a stab wound in the right 
flank just below the costal margin, forming the stoma 
of the pouch. The only difficulty encountered in the 
operative procedures was in obtaining sufficient mobility 
of the antrum without dividing nerves and vessels. The 
nerve supply to the pylorus was sacrificed. 

The secretion from such a pouch is thickly mucoid; its 
volume is small and grossly not increased during diges- 


TABLE I 

The co7ice7ilration of m the blood sertm at mtervals after its i7itrod7iclio7i hito the pouches of dogs with body 
pouches, and the che77iical dcteriywialions 07i gastric conteyits and blood serum 

Where two sets of figures arp given for both gastric contents ahd blood serum, the top figure represents the determina- 
tion on contents and blood removed immediately prior to the introduction of the Na*^Cl solution; the bottom figure (in 
italics) represents the determination made on the contents and blood removed at the end of the experiment. Where 
only one figure is given for the blood, a single blood sample was removed in the middle of the experiment. Dog number 
1; weight 21.7 kgm., plasma volume 854 cc., interstitial fluid volume 4538 cc., available fluid 5621 cc. Dog number 2: 
weight 21.8 kgm., plasma volume 1064 cc., interstitial fluid volume 4891 cc., available fluid 5955 cc. Dog number 3: 
weight 19.4 kgm., plasma volume 796 cc., interstitial fluid 5190 cc., available fluid 6178 cc. 


Experi- 

ment 

number 

NaCI concentration 

State of pouch 

Na5' 

Gastric' content 

Blood serum 

Date 

Biood serum 

pH 

1 

a 

Total 

base 

Cl 

COs 

Total 

base 

Na 

IS' 

30' 

60' 

120' 

Dog 1 

1 

0.9 per ceyit 
Secreting 

0.5 

p.p.m. 

1.2 

, per cc. 

2.1 



m,CQ, 

per L. 



per L. 


December 18, 1940 

2 

Secreting 

1.5 

5.0 

2.8 

1 


1.3 

1.4 

130 

144 


112 

116 

■ 

157 

159 

152 

152 

February 5, 1941 

3 

Secreting 

1 

■ 

■ 

0.6 

3.2 

ii 

154 

156 


100 

100 

32 

32 

155 

155 

145 

145 

June 5, 1941 

4 

Secreting 

■ 

■ 

3.1 

3.6 

6.9 

1.3 

144 

156 

1 

140 

61 

68 

59 

146 

138 

October 10, 1941 

5 

Fasting 

0.9 

2.3 

4.5 

■ 


1 






January 22, 1941 

6 

Fasting 

2.2 

5.0 

1 

9.6 

1 

■ 

8.2 

147 

143 

82 
84 \ 

45 

46 

144 

145 

144 

149 

February 27, 1941 

7 

Fasting 

2.0 1 

1 

3.6 1 

! 

8.4 

20.5 

m 

137 

102 

104 

32 

157 

153 

March 26, 1941 

8 

Fasting 

1 

1 

B 

11.5 

2.0 

5.5 

152 

158 

135 

156 

108 

108 

33 

152 

152 

1 

140 

October 1, 1941 

9 

3.1 per cent 
■ Secreting 

1 


1 

1.1 

1.9 


157 

206 

i 

1 

104 

108 

33 

33 

154 

157 

145 

June 12, 1941 

10 

Secreting 



1.1 

1.5 

0.9 

1.1 

160 

208 

1 

102 

31 

155 

144 

June 24, 1941 

11 

Secreting 



2.6 

1 

2.4 

m 

156 

202 


110 

26 

157 

144 

July 8, 1941 

12 

0.4 per cent 
Secreting 



2.9 

1 

7.3 

0.9 

1.0 

157 

150 


111 

27 

154 

145 

July 17, 1941 

13 

Secreting 



1.9 

5.3 

1.0 

1.1 

154 

147 


108 

28 

155 

143 

July 25, 1941 
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TABLE I — Continued 




Na« 

Gastric content 

Blood serum 


Erpen‘» 

ment 

number 

NaCl concentration 

State of pouch 

Blood fenjm 

pM 

Cl 

Total 

Cl 

COj 

Total 

Na 

Date 







base 

base 




15' 

30’ 

60' 

120' 












p.p.m. pfT u. 



per L» 


mxg. 

per L, 



DozZ 

0.0 per cent 

i 












14 

Secreting 

0.3 

0.4 

0.7 

1 








January 22, 1941 

15 

Secreting 

1.4 

1.6 

2.8 


i 



106 

32 

154 

166 

February 27, 1941 



] 



1 

1.5 

160 

114 

106 

35 

158 

167 

16 

Secreting 



1.6 

2.0 

1.3 

140 


106 

25 

152 

147 

June 5, 1941 






IJ 

75^ 


102 

31 

168 



17 

Fasting 

3.3 

7.6 

13.2 



1 






December 18, 1940 

18 1 

Fasting 

4.0 

6.5 

10.0 


7.0 

128 


90 


148 

140 

[ February 5, 1941 






7.6 

160 


94 


148 

144 


19 

Fasting 

34.0 

58.0 

76.0 

102.0 

72 

116 

163 

92 

38 

154 

150 

March 26, 1941 

! 

1 

3.1 per cent 













20 

Secreting 



2.8 

4.2 

1.1 

144 


106 

29 

157 

145 

June 12, 1941 

i 





1.4 

218 


108 

29 

157 

146 

Dog 3 

3.1 per cent 




j 









21 

Secreting 


1 

3.5 

3.5 

l.I 

147 


112 

25 

161 

151 

June 24, 1941 

1 


1 


1 

1.1 

204 







22 

Secreting 

i 


2.6 

3.0 

l.I 

145 


104 

27 

150 

139 

July 8, 1941 



1 

i 



1.4 

215 








tion of food in the body of the stomach. The pH of the 
secretion is usually around 7 but in some animals may fall 
during active gastric digestion. In this case, there are a 
few parietal cells presumably included in the pouch. The 
pouch has strong muscular contractions and rarely con- 
tains more than 1 to 2 cc. In a large dog, the pouch 
may be made so it will contain 15 cc. The experiments 
were run with a catheter in place and an open syringe 
attached to the outer end. The fluid level in the sjTinge 
was kept a few centimeters above the pouch. The test 
fluid fluctuated with each period of relaxation and con- 
traction of the pouch. With severe contractions, leakage 
sometimes occurred around the catheter at the stoma. 

Radioactive sodium (Na’^) was prepared by bombard- 
ment of metallic sodium with deuterons.i This svas con- 
verted into NaQ and made up to the desired concentra- 
tion with water. Measurements of radioactivity were 
made with the aid of a Geiger-Muller counting rate meter 
and a Lauritzen electroscope. All results are corrected 
for radioactive decay, and are expressed in arbitrary 
units. One unit represents one-millionth part of the ad- 

^ We are indebted to Dr. B. Curtis and the crew of the 
Harvard cj-clotron for the radioactive material used in 
these experiments. 


ministered Na** and is represented by the symbol p.p.m. 
(parts per million). 

In order to bathe the mucous membrane of the pouch 
evenly, 30 cc. of the solution containing the radioactive 
sodium w'ere placed in the pouches of the body. In the 
antral pouches, 10 to 15 cc. were used. 

The absorption of radioactive sodium was determined 
from the concentration observed in the blood stream. 
Because of the small amount of sodium actually ab- 
sorbed, and some leakage in the case of the antral pouches, 
the estimation of the total sodium absorbed, determined 
by subtracting the sodium recovered in the pouch at the 
end of the experiment from the sodium put in at the be- 
ginning, is inaccurate. The determination of the radio- 
active sodium within the blood serum gave reproducible 
results with an error of less than 5 per cent From these 
serum concentrations, and the combined plasma and inter- 
stitial fluid volumes as determined with Evans blue and 
thiocyanate (6), the total HV‘ absorbed was calculated 
on the assumption that it W'as evenly distributed extra- 
cellularly. The small amount in the erythrocytes (7) 
and bone (8) is negligible. 

AU of the chemical determinations have been made by- 
standard laboratory methods. AU blood samples on which 
dectroiytes were determined were withdrawn from a 
femoral artery. 
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EXPERIMENTS 

First, the state of the dog, secreting or fasting, was 
established. In those experiments where the animals were 
secreting, that is, in an active state of gastric digestion, 
food had been given by mouth at 8:00 a.m. In the dogs 
with pouches of the body of the stomach, the output into 
the pouch was measured hourly for the ensuing 2 to 4 
hours. A flow of juice of low pH and increased volume, 
comparable to control days for that dog after feeding, 
was considered adequate proof of active secretion. In the 
dogs with an antral pouch, the only evidence obtainable of 
active gastric digestion was a drop in pH of the secretion. 

In the experiments with animals in the fasting state, 
the last feeding had been given 24 to 48 hours previous 
to the day of experiment. Close control of the fasting 
state was necessary because -of the occasional reappear- 
ance of active secretion, due presumably to a conditioned 
reflex. In the animals with the body pouch, a low volume 
output of juice of high pH was demonstrated for at least 
2 hours. 


Second, arterial blood was taken for control deter- 
minations of electrolytes. (This initial control was 
omitted in some of the later experiments.) 

Third, the radioactive sodium, in isotonic, hypertonic, 
or hypotonic solution was introduced into the pouch. 
Fourth, blood was removed at intervals up to 2 hours 
for determination of radioactivity of the serum. On the 
last or middle sample, the total electrolyte partition was 
determined. Finally, the pouch was emptied, and the 
volume, pH, pepsin, and electrolytes of the contents deter- 
mined. The pouch was rinsed twice and the total re- 
covery of radioactive sodium measured from contents and 
rinsings. 

Three dogs with a pouch of the body of the stomach, 
and 2 with a pouch of the antrum, were used. The ex- 
periments were grouped as follows: 

1. Body pouch — Secreting state — Isotonic solution of 
radioactive sodium 

Seven experiments with an isotonic solution of Na’‘Cl 
were performed on 2 of the dogs with a pouch of the 
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Fig 1 The Concentration of Na** in the Blood Serum One Hour After Its Introduc- 
tion INTO the Pouches of the 3 Dogs with Pouches of the Body of the Stomach 
In the experiments represented by the black blocks, the pouches were actively secreting hydro- 
chloric acid; in those represented by the gray blocks, the dogs were fasting and the pouches 
were secreting a neutral to slightly acid juice. The percentage of the Na^CI solution used m 
the various experiments is given at the upper half of the chart. 
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body, during the secreting state. The results of the de- 
terminations on gastric juice and blood are given in Table 
I, c-xperiment numbers 1 through 4, and 14 through 16. 
The concentration of radioactive sodium in the blood 
scrum, one hour after the introduction of the sodium into 
the pouch, is shown graphically in Figure 1. 

An appreciable concentration of radioactive sodium was 
found in tlic blood stream, IS minutes after the introduc- 


tion of the sodium solution into the pouch. The con- 
centration rose through the 1 or 2 hours of each experi- 
ment, The absolute amounts of radioactive sodium ab- 
sorbed by the 2 dogs were approximately the same. 

In order to determine if variations in electrolyte con- 
centrations in the blood would exert any effect on the rate 
of absorption of sodium, the intake of chloride and sodium 
by mouth was altered during the days previous to the 


TABLE II 

Tke concentration of Na'' in Ike blood serum at one and 2 hours after its introduction into ike pouches of the 2 dogs 
srith antral pouches, and the chemical determinations on gastric contents and blood serum 

Wlicre two sets of figures arc given for both gastric contents and bloc^ serum, the top figure represents the determina- 
tion on contents and blood removed immediately prior to the introduction of the Na*'Cl solution; the bottom figure (in 
italics) represents the determination made on tne contents and blood removed at the end of the experiment. Where 
only one figure is given for the blood, a single blood sample was removed in the middle of the experiment. Dog number 
4: weight 17.3 kgm.; dog number 5: weight 18.5 kgm. 


Exp<*rimcnt ' 
cumber 

STaCI conccniration 
State of pouch 

Na« 

Gaatric 

content 

BIcxx! serum 

Date 

Blood scrum 

pH 

Cl 

1 

B 

Total 

base 

N'a 

Cff 

120* 

Bog 4 

23 

0.9 per cent 
Secreting 

p.p.m. 

9.0 

per tt. 

21.2 


114 

112 

m.e<l 

20 

23 

. per L. 

156 

161 

148 

149 

June 5, 1941 

24 

Secreting 

2.0 

2.8 


108 

29 

151 

145 

October 10, 1941 

25 

Fasting 

14.1 

14.9 


117 

23 

149 

141 

October 1, 1941 

26 

3.1 per cent 
Secreting 

12.5 

16.0 

2.5 

112 

23 

152 

144 

June 24, 1941 

27 

Fasting 

17.5 

31.4 


120 

114 

19 

21 

155 

162 

144 


28 

Fasting 

15.5 

23.3 

6.6 

4.5 

112 

23 

157 

144 

July 8, 1941 

29 

0.4 per cent 
Secreting 

3.6 

4.1 

2.7 

2.0 

110 

j 

28 

152 

143 

July 17, 1941 

30 

Fasting 

7,5 

8.8 

2.5 

110 

24 

151 

143 

July 24, 1941 

Dog 5 

31 

0.9 per cent 
Secreting 

19.2 

58.5 

9.0 

7.8 

118 

27 

155 

148 

October 10, 1941 

32 

Fasting 

28.0 

47.0 


110 

114 

26 

26 

153 

155 

144 

148 


33 

3.1 per cent 
Secreting 

55.0 

68.5 


106 

106 

32 

32 

162 

160 

150 

149 

June 12, 1941 

34 

Secreting 

102.0 

95.0 

6.8 

104 

32 

157 

143 

July 8, 1941 

35 

Fasting 

83.0 

68.0 

7.4 j 

96 

31 

153 

140 

June 24, 1941 

36 

0.4 per cent 
Secreting 

42.7 

54.5 

3.2 

108 

31 

1 161 

149 

July 25, 1941 . 

37 

Fasting 

62.5 

32.6 

5.5 

114 

24 

155 

147 

July 17, 1941 
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several experiments. Since these dogs lose daily such 
large quantities of electrolytes, principally chloride but 
also some base, through the secretion into the pouch, it is 
easy to produce rapid changes in electrolyte concentrations 
in the body fluids. In these experiments, a range of blood 
chloride from 116 m.eq. to 68 m.eq., and total base from 
168 m.eq. to 146 m.eq., was obtained. No significant dif- 
ference in the absorption of Na*‘ was observed in spite 
of these wide variations. 

2. Body pouch — Fasting state — Isotonic Na'*Cl solution 

Seven experiments with isotonic Na’^Cl solution were 
performed with 2 dogs in the fasting state (the same dogs 
used in the first group of experiments). The results of 
the determinations on gastric juice and blood are given 
in Table I, experiment numbers 5 through 8, and 17 
through 19. The concentration of radioactive sodium in 
the blood serum, one hour after the introduction of the 
sodium into the pouch, is shown graphically in Figure 1. 


With the mucous membrane of the pouch in the resting 
phase, there is a significant increase in the concentrations 
of the radioactive sodium in the blood serum over those 
found when the membrane is actively secreting hydro- 
chloric acid. In dog 1, the average concentration in the 
serum at one hour was 7.S p.p.m. in the resting state, 
.against 2.2 p.p.m. when secreting; in dog 2, the average 
concentration at one hour was 33.2 p.p.m. resting, against 
1.7 p.p.m. secreting. In the latter animal, the fasting 
average was weighted by one observation considerably 
higher than the other two. This single observation was 
the highest concentration in the serum recorded in any 
of the experiments with a pouch of the body of the 
stomach. 

As in the experiments in group 1, shifts in electrolyte 
partition of the blood serum were obtained by altering the 
salt intake. The chloride observations varied from 108 
to 82 m.eq., the total base from 1S7 to 144 m.eq. No sig- 
nificant correlation was determined between any of the 


ANTRAL POUCH 



Experiment No. 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 

dog 4 5 


Fig. 2. The Concentration of Na** in the Blood Serum One Hour After Its In- 
troduction INTO THE Pouches in the 2 Dogs with Pouches of the Antrum of the 
Stomach 

In the experiments represented by the black blocks, the dog’s stomach was in an active 
state of digestion; in those represented by the gray blocks, the dogs were fasting. The 
percentages of the Na*‘CI solution used in the various experiments is given at the upper half 
of the chart. (The scale of the sodium concentration is ten times that used in Figure 1.) 
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electrolyte concentrations produced nnd the concentration 
of radioactive sodium in the serum. 

j. Body {•otich — Secrclitig stale — Hypo- and hypertonic 

Na^'Cl solution 

Four experiments using 0.4 per cent Na’‘CI solution 
were made on dogs 1 and 3 ; and 4 using 3.1 per cent were 
made on dogs 1 and 2. The dogs were in the secreting 
state in all experiments. Tiie data arc recorded in Table 
I, experiment numbers 9 through 13, and 20 through 22. 
The concentration of radioactive sodium found in the 
blood scrum, one hour after the introduction of the so- 
dium, is shown in Figure 1. 

There was no significant diftcrcnce in the concentration 
of radioactive sodium found in the scrum, in spite of the 
wide range in osmotic tension. The concentrations were 
comparable to those found in the experiments in group 1, 
with isotonic saline in the secreting state. 

4. Antral pouch 

Fifteen experiments were made on 2 dogs with an 
antral pouch, dogs 4 and 5. The data are given in Table 
II; the concentration of radioactive sodium found in the 
blood serum, one hour after its introduction into the 
pouch, is shown in Figure 2 (the scale is 10 times that 
of Figure 1). 

In 5 experiments, the radioactive sodium was in isotonic 
chloride solution; in 2 of these, the dogs were fasting 
(experiment numbers 25 and 32), and in the other 3, 
secreting (experiment numbers 23, 24, and 31). In 6 
experiments, 3.1 per cent sodium chloride solution was 
used, with half in the secreting state (experiment num- 
bers 26, 33, and 34), and half in the fasting (experiment 
numbers 27, 28 and 35). Hypotonic saline, 0.4 per cent, 
was put in the pouch for the remaining 4 experiments 
(numbers 29, 30, 36, and 37), each dog being tested in 
the secreting and fasting states. 

In these experiments, approximately' 10 times the con- 
centration of radioactive sodium was found in the serum 
compared with that in dogs with a pouch of the body of 
the stomach. In all except one experiment (number 34), 
the concentration in the serum was greater when the dogs 
were fasting. The differences between the fasting and 
secreting experiments are, however, not as great as those 
encounterd with the body pouches. 

There is an apparent effect of the osmotic pressure of 
the sodium solution in these experiments, in contrast to 
those with the body pouches; the absorption from the 
hypertonic solution is slightly greater. The differences 
however are not significant. 

If the difference in the surface area of the mucous 
membrane of the two types of pouch is considered, the 
relative absorption of sodium from the antrum is in- 
creased. The surface area of the antral pouch is approxi- 
mately one-tenth that of the body pouch. The absorption 
of sodium per unit of surface area is therefore 100 times 
greater from the antral than from the body pouch. 


DISCUSSION 

The absolute amounts of radioactive sodium ab- 
sorbed from the stomach are small but not insig- 
nificant. From 1 to 7 per cent of the sodium in- 
troduced into a pouch of the body area is absorbed 
in one hour. From 1 to 50 per cent of the sodium 
introduced into the antral pouch is absorbed during 
the same period. Sodium is secreted with the 
gastric juice. It is obvious that, in any study of 
gastric secretion, the reabsorption of base must be 
eraluated. The fluid within a pouch of the stom- 
ach is the resultant of secretion and reabsorption, 
and represents contents, not secretion. 

It is in keeping with absorption elsewhere in the 
gastro-intestinal tract that more sodium should be 
absorbed from the antrum of the stomach than 
from the body. The absorbing surfaces of the 
intestinal tract are bathed by a neutral or alkaline 
fluid. The contents of an antral pouch are neutral 
or slightly alkaline. In any future consideration 
of absorption from the stomach, it will be neces- 
sarj' to differentiate between the neutral-alkaline 
antrum and the acid body. A whole stomach 
pouch is hardly a suitable medium for the study 
of secretion or absorption. 

The removal of basic ions from the gastric 
lumen, and their transport across the parietal cell 
into the body fluids, might be an integral part of 
the mechanism by which the hydrogen ion is se- 
creted in the reverse direction. If the sodium ion 
were so transported, more sodium should have 
been absorbed during the secreting state. These 
experiments, therefore, tend to exclude such a 
mechanism for the formation of hydrochloric acid. 

It is unknown which cell secretes or reabsorbs 
sodium. It is inconceivable that the parietal or 
acid secreting cells could allow a free passage to 
sodium during the active secretion of acid. A 
possible explanation of our observations is that the 
parietal cells become pervious to sodium when 
they are resting. On the other hand, it is not 
necessary for the parietal cells to play any role in 
the reabsorption of the sodium. All of this ion 
could pass through the pepsin or mucin secreting 
cells. A smaller amount might well be absorbed 
during the active secretion of pepsin, which occurs 
during the secretorj' phase of the stomach. Such 
a theory does not hold for the mucin cells, since 
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the secretion of mucin does not run parallel to 
that of acid and pepsin. 

The lack of effect of varying the osmotic pres- 
sure on the sodium absorption suggests that the 
absorption mechanism is not one of a simple Don- 
nan equilibrium. 

SUMMARY AND CONCLUSIONS 

The absorption of radioactive sodium has been' 
observed in dogs from a pouch of either the body 
or antrum of the stomach. 

Radioactive sodium is absorbed in small but sig- 
nificant quantities from the body or acid secreting 
area. Two to three times as much is absorbed 
when the mucosa is in the resting rather than in 
the secreting state. The gastric antrum absorbs 
100 times as much per unit of surface area as the 
acid secreting body. Whether the stomach is 
fasting or secreting makes less difference to the 
absorption from the antrum than to the absorption 
from the body. 

Variations in the osmotic pressure of the sodium 
solution and in electrolyte concentrations in the 
blood serum, within the limits observed, had no 
significant effect on the rate of absorption of the 
sodium. 

The concept that the fluid, in an isolated pouch 
of the stomach represents secretion is obsolete. It 
is suggested that the antrum plays a preponderant 


role in any observed absorption from the whole 
stomach. 
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It is held as axiomatic that an understanding of 
the mechanism of the passage of substances from 
the blood stream to the gastric lumen must include 
a knowledge of the passage of these same sub- 
stances in the reverse direction. In the previous 
paper (1), the absorption of radioactive sodium 
(Na*‘) from the stomach was reported. Tangible 
amounts of Na'* placed in a stomach pouch were 
found after 15 minutes in the blood serum. From 
1 to 7 per cent of the introduced base was ab- 
sorbed from the acid bearing area during an hour, 
the amount depending upon whether the stomach 
was in a resting or secreting state ; as much as 50 
per cent was absorbed from the alkaline secreting 
antrum in the same period. The continuous pas- 
sage of this basic ion into the body fluids altered 
significantly the concentrations of base in the 
gastric contents. Since it is probable that the 
sodium of neutral sodium chloride secreted into 
the pouch would be reabsorbed in a manner similar 
to the sodium introduced from the outside, it was 
concluded that the contents of an isolated pouch 
represents not true secretion but the resultant of 
secretion and absorption. 

Water is an integral part of any secretion and 
the study of its exchange across the gastric mem- 
brane would seem essential for a comprehension 
of the control of electrolyte concentration in gas- 
tric juice. It has long been established (2, 3) 
that the contents of a gastric pouch is isotonic with 
the blood plasma, and it has been assumed, there- 
fore, that the secretion itself is isotonic. It might 
be that the actual product secreted by a cell is not 
isotonic but that equilibrium with the internal fluids 
is rapidly reached by the exchange of water 
through a neighboring cell. Examples of the abil- 
ity of the body to handle fluids other than isotonic 
are not wanting; the intestinal tract can absorb 
large quantities of water, and the kidney produces 
urine far to either side of isotonic. 


The absorption of water from the whole stom- 
ach or one of its parts has not been demonstrated. 
Many years ago Pavlov showed that water was a 
mild stimulant of gastric secretion (4). Thus, if 
water is inserted into an isolated pouch of the 
stomach, with the passage of time there is a net 
gain in volume. It is possible, however, that as 
the solutions of electrolytes are flowing into the 
stomach and increasing the volume of the gastric 
pouch contents, there is a simultaneous absorption 
of a lesser volume of water. 

It was decided to answer this question of the 
absorption of water from the stomach, using deu- 
terium oxide or so called heavy water (D^O). 
This substance can be distinguished from ordinary 
water (HjO) by physical means, and by its greater 
density, and offers, therefore, the ideal for such 
an experiment. 

Heavy water has been used in other parts of the 
animal body as a tracer substance to demonstrate 
the direction and rapidity of shift of water from 
one compartment to another. Recently Kinsey, 
Grant, and Cogan (5) have measured by m^ns 
of DjO the flow of water into and out of the eye. 
The rapidity and volume of exchange found was 
surprising. In rabbits, one half of the water of 
the aqueous humor was replaced every 2.7 minutes. 
In the monkey, the exchange was slower, taking 
7 minutes for one half to shift. The exchange of 
water out of the vitreous humor of the rabbit was 
somewhat slower than from the aqueous. 

Animals have been observed to assimilate D„0 
much as they do HjO. Only in high concentra- 
tions and over long periods have organisms shown 
intolerance to DjO (6) . ■ For experiments of 
short duration or when, small quantities are used, 
D^C) can be considered to be handled by the or- 
ganism much as is HjO. 


METHODS 

with a pouch of 

the body, or acid bearing area of the stomach, and the 
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Fig. 1. Percentage of DjO Remaining in Body and Antral Pouches, 
Fasting and Secreting, at Intervals After Insertion 
The percentage is plotted on a logarithmic scale. Fifty per cent of the DjO 
had been absorbed from the pouch at approximately 20 minutes. 


other with a pouch of the antrum. The preparation and 
care of such pouches has been described in 'previous papers 

(7, 1). 

The exchange of water across the gastric membrane 
was- measured by the rate of absorption of D;0 from the 
pouch into the animal. A known volume of D-O was 
inserted into the pouch and its decreasing concentration 
measured at intervals. The D.O determinations were 
made for us by Dr. Kinsey and Dr. Grant, to whom we 
are greatly indebted. The details of the method are de- 
scribed in their paper (5) . The D-O and H-O were 
distilled off from the gastric fluid under partial vacuum. 
The specific gravity of the distillate was determined by 


means of a Linderstr^m-Lang constant density gradient 
tube. 

In the calculation of the percentage of DjO which had 
disappeared from the pouch, that is, had been absorbed 
into the animal, due account was taken of the volume of 
the aliquots removed from the pouch for the determina- 
tions, as well as the amount of secretion which was flow- 
ing into the pouch as measured by the increase in volume 
of pouch contents. 

The D,0 was made up as 10 per cent of the water of 
an isotonic NaCl solution. An isotonic solution was used 
in order to avoid the secretion of gastric juice caused by 
water or a hypertonic solution ( 8 ). A known quantity 
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of phcnolsulphoncphthalcin (P.S.P.) v.’as added to the 
DjO salt solution, and its recoverj’ from the pouch at the 
end of the experiment sciA'cd as a check on the absence 
of leakage from the pouch. It has been shown by Wil- 
helm; (9) that P.S.P. is not absorbed from the whole 
stomacli poudi. 

The chemical determinations made on blood and gastric 
juice were by standard laboratory procedures. 

r.xrEP.IMEKTS 

Two c-xperiments were performed on the dog with the 
pouch of the body, or acid secreting area of the stomach. 
In the first, the dog was fasting; the dog had not been 
fed for 48 hours but had been allowed free access to 
water. The resting state of the stomach was proven by 

TABLE I 

D‘f): Percentage remaining in pouches at intervals 
after insertion 

The dog with the body poucb weighed 21.7 kgm.; the 
dog with the antral pouch weighed 17.3 kgm. 



Minutes 

i 

Date 

20 

1 

40 

60 

SO 

1 

120 

1 

, ISO 

Body pouch 
Fasting 
Secreting 

31 

17 

4 

6 

1 

0 

December 11, 1941 
December 22, 1941 

Antral pouch 
Fasting 


1 

11 


4 

0 

December 11, 1941 


a period of control observation before introducing the 
D.O solution ; during the 4 hours before the onset of the 
experiment, the dog secreted only S cc, of an alkaline juice. 
Thirty cc. of the DjO salt solution were inserted by 
catheter. At the end of one hour, the entire contents of 
the pouch, 36.5 cc., was removed, an aliquot of 1,9 cc. 


taken for analysis and the remainder returned. At 2 
hours, the contents measured 45 cc., and a 2.1 cc. aliquot 
was taken. At 3 hours, the end of the experiment, the 
contents measured 52 cc. In this experiment, there was 
a 90 per cent recovery of the P.S.P, After the final 
emptying of the pouch, 35 cc. of blood were removed from 
the femoral artery. 

The percentage remaining at the hourly intervals of 
the original amount of D.O placed in the pouch is given 
in Tabic I and shown graphically (broken line) on a 
logarithmic scale in Figure 1. The absorption of D.O 
was more rapid than anticipated ; indeed, none of the D.O 
was detectable in the pouch contents at 3 hours. From 
the figure, it is apparent that SO per cent of the D.O was 
absorbed at approximately 17 minutes. 

In order to ascertain the condition of the animal, addi- 
tional observations were made. The gastric secretion was 
analyzed for pH and chloride content An acid-base par- 
tition including protein, as well as an NPN and hemato- 
crit was determined on the blood. The figures are given 
in Table II ; all of the blood findings were within normal 
limits. The original gastric pouch sample showed a fast- 
ing secretion but the later samples were consistent with 
a small amount of acid secretion. 

In the second experiment the dog was actively secreting 
hydrochloric acid-pepsin juice. Fed by stomach tube in 
the morning, 2 hours before starting the experiment the 
dog was observed to secrete 74 cc. of acid juice during 
the hour before the experiment After emptying the 
pouch, 30 cc. of the DjO salt solution were inserted by 
catheter. At 20 minutes, 40 cc. of contents were removed 
and a 2 cc. aliquot taken. At 40 minutes, 77 cc. were 
found and 2 cc. taken. At 80 minutes, the end of the 
experiment 134 cc. were recovered. Ninety-seven per 
cent of the P.S.P. inserted was retrieved at the end. 
Thirty-five cc. of arterial blood were taken after the final 
emptying. 


TABLE II 

Gastric secretion and arterial blood studies on dogs voith body and antral pouches 


Where two figures are given for gastric secretion, the top one represents the determination done on the sample 
removed immediately prior to insertion of the DiO, the one in italics, the determination done on the sample removed at 
the end of the experiment. 
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The percentage of the DjO remaining at each with- 
drawal is given in Table I and in Figure 1 (unbroken 
line). The apparent rate of absorption of the DjO from 
the actively secreting pouch did not differ from that ob- 
served when the animal was fasting. Sixty-nine per cent 
of the D 2 O had disappeared in 20 minutes. The curve 
reconstructed from the three points observed indicates 
again that 50 per cent was absorbed in approximately 17 
minutes. 

The gastric juice and blood determinations, made to 
evaluate the state of the animal, are given in Table II. 
The gastric pouch juice showed an active state of secre- 
tion. The blood findings were within the normal range 
except for a slightly elevated hematocrit, a high CO. 
content, and low chloride concentration, pointing to par- 
tial chloride depletion. 

One experiment was run on the dog with the antral 
pouch. The animal had not been fed for 24 hours prior 
to the experiment. The juice washed out of the pouch, 
however, was acid, pH 1.8, suggesting a continued active 
secretion. Seven cc. of the D.O solution were used. 
Volumes were measured and aliquots were removed at 
hourly intervals. The final corrected volume was 10 cc., 
and there was essentially a total recovery of P.S.P. 
Thirty-three cc. of arterial blood were taken. 

The figures for the percentage of D.O remaining in 
the pouch are given in Table II and in Figure 1. At 3 
hours, all of the measurable D.O had been absorbed from 
the pouch. The slope of the disappearance or absorption 
rate of the DjO was slightly more gradual than that of 
the body pouch. The difference is not considered signifi- 
cant, however, in view of the few observations. The re- 
constructed curve intimates that half of the D.O had been 
absorbed in 23 minutes. 

The antral juice and blood findings are recorded in 
Table II. The juice showed a continued active secretion; 
all of the blood findings are those of a normal dog. 

COMMENT 

If it is assumed that DjO and 11,0 cross the 
gastric membrane with equal facility and rapidity, 
then under the conditions of these experiments, 
half of the water within the pouch crosses the 
membrane in approximately each 20 minutes. The 
data available regarding exchange of water else- 
where in the body of experimental animals make 
such a rapid exchange reasonable. The observa- 
tion by Kinsey et al. (5) that there is a different 
rate of transfer in the eye of the rabbit compared 
with that of the monkey suggests that the ana- 
tomically comparable cell membranes of certain 
animals may be more slowly permeable to water 
than those of others. The slower rate observed 
for the dog’s stomach, as compared with the rab- 
\ 


bit’s or monkey’s eye, may be due to the fact that 
we are dealing with a different membrane, secre- 
tory rather than serous, or that it is a different 
animal. 

Although the rate of exchange of water ob- 
served crossing the membrane of a gastric pouch 
in the dog may not be directly applicable to the 
human or other animal stomach, the observations 
of this paper certainly point to a rapid physiologic 
exchange of water in the stomach. The ability 
of the stomach to reach isotonicity between its 
contents and the body fluids is explained, and it 
lends a broader interpretation to the observations 
that water (4) and hypertonic fluids (8) are stimu- 
lants of gastric secretion. 

SUMMARY AND CONCLUSIONS 

The exchange of water across the gastric mem- 
brane has been investigated in the dog by observ- 
ing the absorption of heavy water, deuterium ox- 
ide (DjO), from stomach pouches. One animal 
had a pouch of the body, or acid secreting portion 
of the stomach, and another a pouch of the gastric 
antrum. Under the conditions of the experi- 
ments, half of the DjO was absorbed in approxi- 
mately 20 minutes. 

There was no significant difference in the rate 
of absorption between the body and antral pouches. 
Whether the body pouch was in a secreting or rest- 
ing state also made no difference. 

If it is assumed that the gastric membrane han- 
dles 0,0 as it does HoO, it can be concluded that 
there is a rapid exchange of HjO between the 
gastric contents and body fluids ; such an exchange 
would be a major reason for their isotonicity. 
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The community is outlined by the broken line and the lower and right hand margins of the figure; the 
area is roughly 1000 X 600 feet. The black blocks represent houses in which paralytic poliomyelitis oc- 
curred; the shaded blocks represent houses in which abortive poliomyelitis occurred. The residence of 
individuals providing positive stools is indicated by a cross. 


Two types of inocula were used, (J) pooled stool 
inocula, i.e., 1.5 cc. of fraction (a), and 5.0 cc. of the 
etherized fraction (b), each from 4 individuals in the 
same age group. These were pooled for use in one 
monkey (47 pools in all). (2) Individual stool inocula, 
vis., 6.0 cc. of fraction (a), and 20.0 cc. of fraction (&) 
were composed of stools from one person. These were 



Fio. 2. Reported Cases of Poliomyelitis Which 
Occurred in the Community 


inoculated into at least one monkey (25 stools in all). 
Glycerinated stools were extracted in the same manner 
as raw stools. 

Inoculation. The combined intraperitoneal and intra- 
nasal portals were used for inoculation. Each monkey 
received 10.0 to 20.0 cc. of the etherized fraction (b) once 
intraperitoneally ; and also 2.0 cc. of raw stool extract, 
fraction (o), were dropped into the nasopharynx of each 
animal on each of 3 consecutive days. ' - 

Animals. Macaca nmlatta weighing roughly 1.5 to 3.5 
kgm. were used. Inoculated animals were exercised daily, 
and daily rectal temperatures charted for 5 weeks unless 
the animal was killed earlier. Ten monkeys were re- 
inoculated after 5 weeks of uneventful clinical observa- 
tion.® All animals which showed symptoms of polio- 
myelitis, or remotely suggestive of poliomyelitis, were sac- 
rificed at what appeared to be an appropriate time. All 
other monkeys were sacrificed at the end of the 5 week 
experimental period. Olfactory bulbs, midbrain, medulla, 
and cervical, thoracic, and lumbar regions of the spinal 

® Monkeys used for second tests were tuberculin tested 
using 10.0 mgm. of human old tuberculin in the test dose. 
Only tuberculin negative animals were used. 
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Fig. 4. Schematic Diagram of Family N 


The legends are the same as in Figure 3. The blac^ 
area indicates the time of onset and course of a paralytic 
attack of poliomyelitis ; the stippled areas indicate poorly 
defined illnesses. 

fever in monkey A— 70 on the 11th, and paralysis on the 
14th day. The second stool produced fever in monkey 
A-4S on the 13th, and paralysis on the iSth day. The 
monkeys were sacrificed on the 18th and 19th days, and 
lesions typical of poliomyelitis, found in the cords of both. 
A stool collected October 6, 1941, was negative. 

The third child wdth positive stools represents 
an ambulatory convalescent carrier, with a poorly 
defined antecedent illness. 

Family V (Figure 5). Lamarr V., male, act. 6 years, 
one of 3 siblings. Birth history was uneventful. He had 
bronchopneumonia at 2 years, and whooping cough at 3. 
A sibling, act. 9 years, had fever, headache, and stomach- 
ache for 3 days beginning July 16,^ 1941. A physician 
believed him to have the prodromal signs of poliomyelitis. 
Another sibling, act. 3 years, had 2 days of diarrhea in 
the first week of August. Lamarr V. was apparently 




well, except that his mother thought him fretful during 
the last week or 10 days in August. Stools collected 
September 8, and October 6 were positive. The first stool 
produced fever in monkey A-47 on the 10th day, and 
paralysis on the 11th day. The second stool produced 
fever in A-22 on the 14th day, and afterwards, marked 
ataxia and the development of weakness of the left leg 
on the 18th day were observed. The monkeys were sacri- 
ficed, on the 14th and I9th days, and histological lesions 
typical of poliomyelitis found in both animals. A third 
stool obtained November 14, 1941, was negative. 


To summarize, then, of 190 stools tested, 5 
from 3 individuals (2 to 6 years of age) contained 
enough virus to produce experimental poliomyelitis 
in '8 rhesus monkeys. Subsequent stools from 
these individuals were tested until negative. The 
period of carriage of the virus in the stools was at 
least 42 days (Lamarr V.) and 26 days (Manley 
N.). None of the adults’ stools were positive. 



Fig. S. Schematic Diagram of Family V 
The legends are the same as in Figures 3 and 4. 
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CLINICAL RESULTS 

Classification of cases. Illnesses Avhich oc- 
airrcd in tlic community during the summer were 
classified on the basis of the following termi- 
nolog}-: (i) paralytic vh., cases with paralysis de- 
veloping in association with the usual signs of 
poliomyelitis; (2) abortive, viz., cases affording a 
definite hislorj' of meningitic or myelitic signs 
(frequently affirmed by the attending physician), 
as well as fever, headache, vomiting, and other 
associated signs and sj'mptoms; (i) suspected 
abortive, vie., cases with histories of febrile ill- 
nesses, usually associated with sore throat, vomit- 
ing, diarrhea, and headache, appearing in epidemic 
times, and not attributable to any other disease; 
(4) poorly defined illnesses, characterized in the 
main by the same symptoms as in the suspected 
abortive, with tlie exception that tliere was no 
kno^^^l fever, and the illness was of brief dura- 
tion, usually but for a day ; and (5) other diseases. 


viz., the exanthemata, tuberculosis, thrombo- 
phlebitis, and degenerative diseases. 

In respect to time. The seasonal distribution 
of all of these illnesses (in both the adult and juve- 
nile population) is shown in Figure 6. Polio- 
myelitis present in surrounding neighborhoods was 
first suspected in the community when one of the 
juvenile members became ill July 16, 1941. There- 
after, a wave of illness spread rapidty through the 
population, affecting the juvenile members worst 
It reached the peak of its group incidence betn-een 
August 1 and August 10, 1941. 

In respect to age. Figure 7 delineates the clini- 
cal findings in the community from June 15 to 
September 15, 1941, compared to the population at 
risk, at various ages. 

Adult population. A history' of illness corre- 
sponding to one of the first four tjqies in our 
classification was obtained from 33 of 117 adults. 
Two persons afforded histories only remotely sug- 
gestive of abortive poliomyelitis; 8 had febrile 



Fig. 6. The Seasoxae Distetbutiox of All Types of Illxess ix the Adult axd Juvexile Populatioxs 

Dueixg the SmiiiEH of 1941 

Black squares represent paralytic cases of poliomyelitis; shaded squares, abortive cases of poliomyelitis; open 
squares, febrile illnesses; and stippled squares, pewriy defined ailments. 
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Fig. 7. Age Distribution of the Population at Risk (top panel) Compared with the 
Age Distribution of the Community Illness (lower panel) During the Period of 
Study 

The small crosses indicate cases in which positive stool specimens were obtained. Otherwise 
. the legends defining the blocked areas are the same as in Figure 6. 


illnesses, usuall}^ with sore throat; and 23 had 
poorly defined ailments, characterized by rhinor- 
rhea, abdominal pain, or headache.® 

Juvenile population. In the juvenile group, 41 
of 64 members had histories of one or more ill- 
nesses during the time from June 15 to September 
15, 1941. Two children (2 and 3 years of age) 
had paralytic poliomyelitis; 10 individuals (1 to 12 
years of age ; average age, 4 years) had abortive 
poliomyelitis; and 17 persons (1 to 14 years of 
age; average age, 8 years) had febrile illnesses. 
Two children had measles, and one other scarlet 
fever. The remaining 9 of the 41 had ill-defined 
compaints characterized by headache, vomiting, 
diarrhea, or sore throat. 

® Actually there were more adult illnesses than are indi- 
cated. One person had pulmonary tuberculosis; another 
acute thrombophlebitis; one other carcinoma, of which 
she died in November. Three persons received surgical 
care of major nature during the summer. 


ANALYSIS OF RESULTS 

In respect to method. When so few of our 
monkeys showed signs and symptoms of experi- 
mental poliomyelitis, it was suspected that pooling 
of stools was disadvantageous. To determine if 
this were so, stools from 10 of the 12 individuals 
in the community who provided histories of para- 
lytic or abortive poliomyelitis were each given to 
at least 2 monkeys. The stools from these 10 
persons had been negative previously in their re- 
spective pools. In the testing of theSe stools, 23 
animals were used. All of these tests proved 
negative. 

In respect to clinical material. Reference to 
Figure 7 shows that all of the paralytic, and 6 of 
the 10 abortive cases, occurred in the 2 to 5 year 
age group. Two of the 3 children with positive 
stools were in this age group; the third positive 
was 6 years of age. The greatest incidence of 
febrile illnesses occurred in the 10 to 19, and 5 to 9 
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year age groups, in that order. The large number 
of poorly defined illnesses occurring in the 10 to 
19 year old age group is striking, although its 
meaning is not entirely clear. 

The obser\'ed ratio of abortive to paralytic cases 
was 5 to 1, The true ratio, considering some but 
not all of the 17 febrile illnesses as abortive cases, 
was probably greater than the observed ratio would 
indicate. 

Critical examination of the illnesses in the adult 
group (Figure 6) shows in general that they do 
not have any real relationship, cither as to t^'pe 
or to the seasonal distribution, when compared 
with the illnesses in the juvenile population. None 
of the adults had a positive stool test, notwith- 
standing the testing of 112 stools, almost twice the 
number tested in juvenile group. 

In respect to time of illness and stool collection. 
The temporal relationship between the onset of 
illnesses, stool collections, and the results of stool 
tests in all members of the juvenile group is out- 


lined graphically in Figure 8. Attention has been 
called to the narrow time zone from July 16 to 
August 13, 1941, during which the onset of all 
recognized poliomyelitis cases occurred. At the 
time of stool collection, the 2 individuals with 
paralytic poliomyelitis were convalescent in the 
4th and 5th week from onset, and the 10 abortive 
cases were in the 5th to 7th week. 

Excepting the glycerinated stool specimens,' 
82 days, at most, elapsed between the onset of the 
first illness, July 16, and the collection of the last 
stool specimen on October 6, At least 24 days 
inter\'ened from the onset of the last poliomyelitis 
case, August 13, and the beginning of stool collec- 
tion, September 6. If one would consider only 

•It is of interest that 2 of the 6 glycerinated stool 
specimens which were kept in the refrigerator for 50 to 
80 days were positive. Another glycerinated stool from 
an unidentified member of the community, which was kept 
in the refrigerator for 90 days produced experimental 
poliomyelitis in one of the monkeys. 
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the diildren who had clinical poliomyelitis, we find 
that an average of 42 days elapsed from the time 
of onset of illness in each, and collection of their 
respective stools. At the most, it was 52 days and 
at the least, 26 days that passed. 

In respect to time of illness and positive stools. 
Of the children with positive stools, 2 (Manley N. 
and Lamarr V.) were among the last of those ill 
in the community during the epidemic period, vis., 
August 13 and August 25, respectively. The virus 
was detected in Manley N. on the 13th and 26th 
days after the onset of his illness, but not on the 
54th day. Lamarr V.’s stools were positive on the 
14th (if one arbitrarily dates the onset of his 
poorly defined illness on August 25th) and on 
the 32nd, but not on the 78th day. The third per- 
son yielding the virus (Paul H.), ill at the height 
of the epidemic, viz., August 5, was positive on the 
21st, but not on the 44th day from the beginning 
of his illness. Had we not had his stool in gly- 
cerol, collected August 26, and had we depended 
only on the September 18 stool, we would have 
missed detecting the virus in this individual. 

Correlation of clinical and laboratory data. A 
rough correlation, considering the limitations of 
the present methods, can be drawn between the 
presence or absence of virus in stools, and the 
span of time elapsing between the onset of illness 
arid stool collection in the members of the juvenile 
population. It would appear that there is a pro- 
gressive decline in the number -of carriers in the 
population corresponding with the decline of the 
disease. 

Probably we began our tests too late to detect 
the maximum number of carriers. Our tests were 
begun 52 days after the onset of the epidemic, and 
24 days after it had waned. The stool collections 
were between 82 and 24 days after the onset of the 
first and last recognized cases. In the majority 
of reports from the literature, the usual carrier 
period has been 3 weeks. 

DISCUSSION 

Past clinical epidemiological studies (1, 10, 11) 
have emphasized a widespread distribution of 
poliomyelitis virus in the population at risk. It 
has been suggested that abortive cases of polio- 
myelitis outnumber at any time the paralytic cases, 
and that they, as well as healthy intermediary con- 


tacts, abet the spread of poliomyelitis by contact 
with susceptible individuals. Evidence obtained 
by use of the stool method (5, 6) has supported 
the clinical supposition that mild illnesses, occur- 
ring during, epidemics, are abortive attacks of 
poliomyelitis. However the demonstration of a 
widespread distribution of the virus in “healthy 
contacts” by the use of these methods is quite 
recent. 

In the past year, Piszczek, Shaughnessy, Zichis, 
and Levinson (8) and McClure and Langmuir 
(9) have described an unusually large number of 
healthy carriers. Some of these carriers were 
adults. This is not surprising in respect to a pre- 
vailing clinical suspicion, which it supports, that 
the virus is widespread among a large number of 
human hosts in epidemics. However, others (5, 
6), in previous studies, have seldom been able to 
detect the virus in persons without a history of at 
least a poorly defined illness, and almost invariably 
children were the carriers of poliomyelitis virus. 

In the present report, our results support the 
observations that the prolonged presence of the 
virus is usually associated with a current or ante- 
cedent illness, especially in children in the 2 to 5 
year age group. Our results are partially at vari- 
ance in two respects from the studies of Piszczek 
et al., and McClure and Langmuir: (!) None 
of our adults provided a positive stool test, and 
(2) all of our carriers had histories of past ill- 
nesses, mild in one to be sure, so that to attempt to 
differentiate between true “healthy carriers,” and 
convalescent carriers is difficult at times. 

There were, however, significant differences in 
method, bearing on the results of these other re- 
cent studies, w'hich should be clarified>^,These 
are: (o) that the time of stool collection in respect 
to the onset of the epidemic was early as compared 
to the late time of stool collection in ours. In Mc- 
Clure and Langmuir’s report, stools were collected 
from 5 to 24 days (average time 13 days) after 
the onset of the epidemic, compared with 49 and 
82 days (average time 66 days) in ours. In the 
study of Piszczek et al., “stools were collected 
within the month after the onset of the disease 
(8) in practically all the individuals examined, 
(h) Our study concerns the distribution of car- 
riers in the whole population at risk. The other 
recent studies are concerned chiefly with the distri- 
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billion of tlic virus in specified Iiosts. (c) The 
technical methods used differed in several details. 

Further studies directed toward the detection of 
the virus of poliomyelitis are necessarj' to deter- 
mine tlie natural distribution of poliomj'clitis virus, 
and if, in the future, one were to detect the largest 
number of carriers possible, several things should 
be accomplished. These are: (n) the collection 
of stools before the epidemic has waned, (b) the 
use of a more susceptible test animal, i.c., M. cy- 
iwmolgus, and (c) the use, if possible (and if 
they are developed), of more dcliaite technical 
methods. Probabl}’ the mAhods used in our stud}' 
are inadequate, in so far as delicacy is concerned, 
for the detection of all carriers, but under the 
conditions of the present study, in a post-epidemic 
period, it seems unlikely that many carriers were 
missed from the population at risk. We may 
logically conclude therefore that tiie virus does not 
remain “active” in the stools of most persons for 
more than a few weeks. 

SU.MMARY 

1. A community has been studied to determine 
the distribution of poliomyelitis in the population 
at risk in a post-epidemic period. Stools from 
176 of 181 persons were tested to determine the 
carrier rate for poliomyelitis virus in the adult and 
juvenile population. 

2. Stools containing the virus of poliomyelitis 
were detected in 3 children, from 2 to 6 years of 
age. None of the adults’ stools were positive. 

3. Though evidence of poliomyelitis was wide- 
spread in the human herd, only individuals ill at 
the end of the epidemic provided positive stools, 
indicating that the ease of detection of the virus 
jn the herd at risk diminishes with the decline of 
the epidemic. 


For valued advice given during this study, appreciation 
is gratefully expressed to the late Doctor James D. Trask. 
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It has been shown that, following the treatment 
of normal, human, cell-free plasma with chloro- 
form, a proteolytic enzjTne is elaborated (1). It 
has also been shown that the enzyme is associated 
with the globulin fraction of the plasma proteins 
(1, 2). Furthermore, it has been demonstrated 
that the enzyme may be prepared by the action of 
chloroform on a saline solution of human plasma 
euglobulin (1). Because hemophilic blood is 
known to have a deficiency' in the coagulation ac- 
tivity associated with plasma euglobulin (3, 4), it 
seemed advisable to compare hemophilic and nor- 
mal human plasmas as sources of enzyme activity. 

The present communication concerns a compara- 
tive study of the proteolytic activity of normal 
and hemophilic plasma after treatment with 
chloroform. 

EXPERIMENTAL 

Fifty ml. of blood were aspirated into a syringe con- 
taining 0.5 ml. of 20 per cent potassium oxalate. The 
plasma was removed by centrifuging at 2,500 r.p.m. It 
has previously been shown that removal of blood platelets 
had no effect on the potency of the plasma enzyme, but 
in some instances, the plasma was recentrifuged at 4,200 
r.p.m. in an angle head centrifuge. This latter operation 
rendered the plasma essentially cell-free. Plasma was 
prepared from 7 normal individuals and 7 cases of hemo- 
philia. In each experiment, one normal and one hemo- 
philic plasma was handled simultaneously and treated 


^Presented in part before the American Society for 
Qinical Investigation, May 4, 1942, Atlantic City, New 
Jersey. 

®The expenses of this investigation were defrayed, in 
part, by a gift to Harvard Universitj’ from the Smith, 
Kline & French Laboratories, Philadelphia, Pennsj-lvania ; 
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Ella Sachs Plotz Foundation. 
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under exactly duplicate conditions. The patients were 
proven cases of hemophilia with a venous blood coagula- 
tion time, for 2 cc. of blood, greater than one hour which 
is about 6 times normal. 

The plasma was transferred to 50 ml. glass bottles and 
^0 the volume of chloroform added. The mixture w-as 
vigorously shaken for one minute and allowed to stand 
at room temperature until the clot which formed had 
undergone lysis. It should be noted that both the hemo- 
philic and normal plasmas clotted after the addition of 
the chloroform in about the same time. In both instances, 
less than 16 hours were required. The time for complete 
dissolution of the clot was recorded. The data of the 7 
experiments are given in Figure 1. It will be observed 
that in each instance it took much longer for the clot in 
the hemophilic plasma preparation to disappear than in 
the normal plasma preparation. However, there was no 
direct relation between the coagulation time of the hemo- 
philic blood and the time required for dissolution of the 
clot On the average, it took approximately twice as long 
for clot dissolution in the case of hemophilic plasma prep- 
arations as in the case of normal plasma preparations. 
It will be observed that the same results obtain whether 
the platelets had been removed from the plasma or not. 

It has previously been showm (I, 5) that when human 
plasma is shaken with chloroform, a clot is formed. 
When this clot has entirely dissolved, the chloroform 
plasma preparation contains an active proteoljtic enzjme. 
The activity of a given preparation can be readily meas- 
ured by determining the rate of disappearance of a given 
quantity of fibrinogen. The disappearance of fibrinogen 
can be determined by the addition of an active thrombin 
solution to the fibrinogen solution. Accordingly, to a 
given quantity of fibrinogen in solution, 0.5 ml. of chloro- 
form plasma preparation was added, and the time required 
for the complete disappearance of fibrinogen determined 
by the addition of thrombin. The time from the addition 
of the chloroform plasma to the time when no further 
fibrinogen remained was recorded. The temperature W'as 
held constant at 37.5° C. In this vrzy, the proteolytic 
activities of chloroform preparations of normal and hemo- 
philic plasma were compared. The data are presented in 
Table I, It will be observed that the normal chloroform 
plasma preparations were much more active in the produc- 
tion of fibrinogenolysis than were the preparations from 
hemophilic plasma. Only hemophilic preparation 6 pro- 
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Fig. 1. Comparison of the Proteolytic Activity of Normal and Hemophilic Chloroform 

Plasma Preparations 

Numbers 1 and 2 were platelet-free. 


to be normal in amount. So far as cell-free 
plasma is concerned, it appears that the only de- 
ficiency at present recognized lies in the clotting 
activity of the globulin fraction of the serum pro- 
teins (3), free from fibrinogen and prothrombin 

( 4 ). 

It has been shown that the addition of "globulin 
substance” to hemophilic blood, both in vivo and 
in vitro, results in a decrease of the blood coagula- 
tion time of hemophilic blood toward normal. 
“Globulin substance” is, however, far from a pure 
substance. The only chemically pure physiological 
substance having this coagulation effect is ciystal- 
line trypsin (6), the action of which has only been 
investigated in vitro. 

The proteolytic enzyme prepared from calcium 
and cell-free human plasma described by Tagnon 
and his associates (1, 2, 5) resembles trypsin in 
many ways. However, the plasma enzyme, unlike 
trypsin, is a plasma derivative and can be obtained 
from that portion of the plasma proteins having 
marked coagulation effect in hemophilia, both in 
vivo and in vitro. While the relation of the 
plasma enzyme to blood coagulation is not fully 


duced an activity in any way comparable to the proteolytic 
activity of normal plasma preparation. The rate of dis- 
appearance of the fibrinogen did not parallel the coagula- 
tion time of the hemophilic blood. 


TABLE i 

Comparison of the proteolytic activity of normal and 
hemophilic chloroform plasma preparations 



TIME 

OF riBRINOGENOLYSIS 


Subject 

Time for compicfc Fibrinoqcnolysis 


1 

10 minutes 

NORMAL 

2 

12 

BLOOD 

3 

1 1 

PREPARATION 

4 

10 


5 

10 


1 

more than 60 minutes 


2 

more than 60 " 

HEMOPHILIC 

3 

45 

BLOOD 

4 

more than 60 

PREPARATION 

5 

50 


6 

15 


DISCUSSION 

The biochemical lesion in hemophilic blood has 
been the subject of much study. It is generally 
accepted that prothrombin and fibrinogen appear 





THE COAGULATION DEFECT IK HEMOPHILIA 


129 


understood, its resemblance to trj’psin as a proteo- 
h-tic enz}Tnc and its relation to known coagulation 
factors would indicate that it plays some important 
role in blood coagulation. The data presented in 
this paper offer still further evidence of its es- 
sential character in blood coagulation. On the 
basis of the evidence submitted in this communi- 
cation, the activity of the plasma proteolytic en- 
zyme is reduced in preparations of hemophilic 
plasma as compared to entirely similar prepara- 
tions of normal human plasma. Whether this 
reduced acti\’ity is due to less enzyme being elab- 
orated or to the presence of powerful inhibitor 
substances in hemophilic blood remains to be 
investigated. 

CONCLUSIONS 

1. The rate of dissolution of the clot obtained 
by tlie action of chloroform on hemophilic plasma 
is much slower than in the case of normal human 
plasma preparations. 

2. The rate at which chloroform plasma prepa- 
rations derived from normal human plasma can 
cause fibrinogenolysis is much greater than that of 
similar preparations from hemophilic plasma. 

3. It is concluded that the proteolj-tic activity 


of chlorofonn preparations of hemophilic plasma 
is less than for such preparations from normal 
human plasma. 
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Studies on normal synovial fluid and on joint 
effusions under pathological conditions have been 
reported (1, 2). In 1919, Labor and von Balogh 
(3) detected antibodies in the joint cavity during 
inflammations of the joints. Their results have 
been confirmed (4 to 6). Positive gonorrheal 
complement fixations and positive Wassermann 
reactions in joint fluids have also been reported 
( 1 ). 

The bactericidal acti^ty of various body fluids 
has been repeatedly in\-estigated (5, 7 to 9), but 
the only communication of similar studies on 
S)'no\aal fluid was made b}' Spink and Keefer 
(10). These authors studied the killing power 
for gonococci of 44 sjmovial fluids from 18 pa- 
tients with gonorrheal and from 13 patients with 
non-gonorrheal arthritis. Fluids which contained 
living gonococci and those from patients with non- 
gonorrheal arthritis were not bactericidal for 
gonococci. Sterile synovial fluids from patients 
wth gonorrheal arthritis killed the homologous 
strain of gonococcus. Their bactericidal power 
was the same or slightly weaker than that of the 
blood. 

According to Collins (11), “the joint fluid in 
rheumatoid arthritis, on account of its content of 
polymorphs, is highly bactericidal.” Sweetapple 
(12) pointed out that “synovial fluid is strongly 
antibacterial while fresh, but excellent pabulum 
for bacteria when stale.” Neither author offered 
experimental proof for these statements. In rab- 
bits with experimental streptococcal arthritis, 
synovial fluid obtained more than 3 to 6 weeks 
after the infection is usually sterile (13). 

The object in undertaking the present inves- 
tigation was to study the bactericidal activity for 
gram-positive cocci and gram-negative bacteria of 
the synovial fluid of patients with rheumatoid 
arthritis and other joint diseases. 

^ Aided by grants from The John and Mary R. Markle 
Foundation, The Ophthalmological Foundation, and The 
Dazian Foundation for Medical Research. 


It was thought that the detection of a “specific” 
bactericidal activity for hemolytic streptococci in 
the synovial effusions from patients with rheu- 
matoid arthritis would support the theory of the 
streptococcus etiology of this disease. Attempts 
to isolate a specific microorganism from the syno- 
vial fluid in rheumatoid arthritis have been un- 
successful in a high percentage ( 14) , but there is 
inferential evidence that hemoljdic streptococci 
may be of etiological significance in this disease. 

Whenever possible, oxalated blood plasma was 
tested for its bactericidal activity simultaneously 
with the joint fluid of the same patient. 

In addition, cultures were made and the com- 
plement content, as well as the agglutinin titre 
for streptococci and for E. coli, determined. Cer- 
tain physicochemical and cytological properties of 
the synovial fluid were also studied. 

MATERIALS AND METHODS 

Synovial fluid was obtained by aseptic puncture of the 
affected joint, usually the knee, of 40 patients with rheu- 
matoid arthritis or other joint diseases. 

Cultures for the bactericidal test. Ten-fold dilutions 
(up to 10’) of 18-hour broth cultures of a beta hemolytic 
streptococcus (Strain AB 13) and an Escherichia coli 
were made in broth. The number of organisms in the 
last dilutions was determined by making pour plates with 
0.1 ca portions of those dilutions. The number of col- 
onies grown in the 10’ and 10' dilutions usually ranged 
between 20 and 200. These dilutions were used in the 
experiments. Similar dilutions of overnight broth cul- 
tures of 2 other strains of beta hemolytic streptococci, a 
hemolytic staphylococcus aureus, a Type I pneumococcus, 
another strain of E. coli, and an Eberthella typhi (H and 
O strains) were used in some of the experiments. 

Bactericidal test. One-half cc. portions of the mate- 
rials to be tested were mixed in sterile 10 X 100 mm. 
pyrex glass tubes with 0.1 cc. of suitable, freshly di- 
luted broth cultures of the microorganisms. The tubes 
were sealed and fastened to a square box on a rotating 
machine of the type described by Todd (15). After 
rotation for 24 hours, at 37.5° C., at 8 to 10 r.p.m., OJ cc. 
of the contents of the tubes was plated out with agar, and 
0.1 cc. was transferred into tubes of broth. Colony 
counts were made after 24 and 48 hours. If the rotation 
time was prolonged to 48 hours, the results did not 
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change, but if it was reduced to ortly 6 hours, frequently 
the microorganisms were not killed. 

In about one-half of the experiments, the mixtures were 
rotated in sterile 20 X 70 mm. vials, closed with a sterile 
rubber cap through which a sterile injection needle with 
a sterile cotton plug had been inserted. Sterile tuberculin 
syringes were used to fill the vials and to withdraw the 
contents after rotation. The “open” vials offer the fol- 
lowing advantages: (1) The mixtures are tested under 
aerobic conditions, (2) the process of sealing of the 
tubes is eliminated, and (2) the vials can be used re- 
peatedly. 

The results with sealed tubes and open vials were 
equivalent in all the experiments with E. coli. In some 
experiments with streptococci in broth, however, fewer 
colonies developed on agar from the “open” vials than 
from sealed tubes. 

Other examinations of the fluids. Cultures were made 
on liquid and solid media. Complement was titrated and 
agglutinin titres for streptococci and for E. coli were 
determined by the usual methods. 

The mucin content was examined by the qualitative 
“sac and tube” test (1). The relative viscosity was 
estimated with Ostwald’s viscosimeter (16). The spe- 
cific gravity was determined by the drop method (17). 
The hydrogen ion concentration at the beginning of the 
experiment was determined by the bicolor method (18). 
For cytological studies, total and differential cell counts, 
and Giemsa and Wright stains, were made. 

RESULTS 

The bactericidal properties of synovial effusions 
for hemolytic streptococci and E. coli, in relation 


to the type of joint disease, are shown in Table I. 
Thirty-nine fluids were obtained from the knee 
joint and one from an elbow joint. 

Bactericidal properties for hemolytic strepto- 
cocci were detected in 4 of 37 fluids (10.8 per 
cent), for E. coli, in 34 of 39 fluids (87.1 percent). 
Bactericidal properties for hemolytic staphylococci 
and for Type I pneumococci were absent in 6 
fluids from patients with infectious and rheuma- 
toid arthritis, and in 4 fluids from those with 
non-infectious arthritis. These fluids were not 
streptococcidal. 

A strong bactericidal power for E. typhi was 
detected in 10 fluids which also killed E. coli. 

Simultaneous studies of the bactericidal activity 
of the synovial fluid and oxalated blood plasma 
were made with materials from 15 patients.^ 
The results are given in Table II. 

Three synovial fluids killed streptococci and 6 
other effusions were bactericidal for E. coli, but 
the blood of the same patients did not kill strepto- 
cocci or E. coli, respectively. In one instance, the 
blood plasma, but not the synovial fluid, was 
bactericidal. There was no difference in the bac- 

2 It should be noted that the bactericidal activities of 
oxalated blood plasma were compared with those of 
native synovial fluid. 


TABLE I 

Bactericidal properties for hemolytic streptococci and Escherichia coli of human synovial fluid obtained from 

patients with various joint diseases 




1 Synovial fluids 

Lesion of joint 

Number 

examined 

Number which were 
bactericidal for 
streptococci 

Number which were 
non-bactericidal 
for streptococci 

Number which were 
bactericidal for 
£. coli 

Number which were 

non-bactericidai 

for E. col* 

(A) Infectious and rheumatoid arthritis 

Mnn.snprifir I’nfprttnus 

2 

1 

1 

2 


(b) Gonorrheal 


1 

1 

1 

1 



2 


2 

2 


(d) Rheumatoid* 

10 

2 

7 

7 

3 

Total (A) . 


IS 

3 

11 

12 

3 

(B) Non-infectious al 

(e) Intermitter 

(f) Traumatic, 

(g) Hypertropl 

thritis 

it hydroarthrosis . 

1 

2 

6 

1 

1 

6 

2 

5 

1 

[ic 

12 


12 

11 

1 

Total (B) . . 

1 

20 

1 

19 

18 

2 _ 

(C) Of unknown origin j 

5 


* 3 

4 

_________ 

CA -J-'R 4- rv 

40 

4 (10.8 per cent) 

33 

34 (87.1 per cent) 

5 


• 1 



— 


* One specimen was not tested for streptococci. ^ . r r- j • 

t Two specimens were not tested for streptococci, a third was not tested for E. colt. 
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Non specific infectious. . 
Syphilitic... 

Rheumatoid' 
Intennittent 
hydroarthrosis 
Traumatic. . . 
Hypertrophic 


Sid 

rfs E ^‘«P>ococci, 

and of 8, when tested tvith E. coli. 

The effect of undiluted and of diluted synovial 
uid on increasing concentrations of E. coli is 
presented in Table III. 

table in 

fluid on bacUrUidal properties 
for vorxous concentrations of Escherichia ckC 


* One specimen was not tested for stre^^^^ 


Fluid only 
bactericidal 
for E. eoti 

Plasma only 
bactericidal 
for E. coli 

2 


1 

1 

1 


2 



1 


pJufd and 
plasma non- 
bactericidal 
for E, €oli 




Number of colonies 


lJUutlon of 
culture 





Synovial 6uld 

Synovial 

SjTiovial 

Broth 


undiluted 

fluid 

fluid 

' — 1 


1 : 5 

1 ; 10 


10» 

I0< 

10> 

' lOM 

00 

— I 

00 

1 ^ 

105 

0 

00 

0 

00 

00 

00 

00 

10'* 

♦ XT., t 

90 

90 

90 

90 



Synovial fluid, unheaterf 
Synwial fluid, 56° C • 3 f) 

minutes '' 

Synovial fluid", 56° C ’• ’fi'fi 
minutes ’’ 

Broth . 


Fluid 

1 

Fluid 

2 

0 

0 

0 

25 

— 

550 


CO 




« = innumJaETonlS!'"'"'"'^ 

^ no test made. 

^lu«ons in broth of synovial fluid did 
E r killing power for small amounts of 

ten-fnU . ° activity was present in 

enn ? synovial fluid. With increasing 

te “«• p'pp- 

titativeT diminished almost quan- 

theS?’- observations were made on 

fluids streptococci of the few 

Jr could be tested. 

killii'^ ’“boence of inactivation by heat on the 


Inactivation in a water bath .e 

minutes did not alter th! l C. for 

f con of one flnij, b„ffc ^*1 Mivity fo” 
«ds Hea«„g e,' '^"^«ed ^ 

a farther reduction, but „i . ® caused 

on, of the bactericidal n ‘^°”’Pkte destruc 
Retardation of bacterial f of fl^fo ^ 
symmol fluid was observed^"""' '’J' '"acti^ed 
tivation at 56 ° C. for 30 ^ specimen 3 t ^ 
stroyed the 

of the few fluids which for strem ^ 

Efehteen synovi.uJy^M be tested 
for 6 months in drv ; frozen c 

C. The bacteriddal 
tested frequently, u for £ 
after 180 days of sf found aim * 
erfle, of 2 fluU S'?"' The b^e? “elfared 
lost after storage fo j'^®f’!°'=occi ^vere ^ I’^°P' 
respectively. ice foj. ■, '^°nipletely 

^ and 12 
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Bacteriological cultures of all fluids used ifi this 
study were sterile. 

Complement titrations were made on 20 speci- 
mens of fresh synovial fluid and of effusions stored 
in dry ice for periods up to 75 days. The titre 
of 14 fluids varied between 0.025 and 0.1 cc. 
(average 0.05 cc.), while that of 6 fluids was 
above 0.1 cc. The complement titre of stored 
fluids gradually decreased within 2 months; the 
bactericidal activity for E. coli, however, remained 
practically unaltered for at least 6 months. The 
complement titre was very low in 3 of the 5 fluids 
not bactericidal for E. coli. The titre of the other 
2 fluids was not tested. The streptococcidal 
fluids had a normal complement titre. 

Agglutinins for streptococci were found in 2 
synovial fluids in final dilutions of 1:40; these 
fluids were not streptococcidal. No agglutinins 
for streptococci were detected in the other fluids. 
The agglutination reactions with E. coli were al- 
ways negative. 

The mucin reaction was always positive. The 
relative viscosity of the fluids varied between 2.9 
and 39.1, the specific gravity, between 1.018 and 
1.026, and the hydrogen ion concentration at the 
beginning of the experiment, between pH 7.4 and 
pH 8.2. 

Cytological examinations revealed wide varia- 
tions in total and differential cell count as re- 
ported by previous authors (1). The lowest 
total cell count was 595 per c.mm., the highest 
51,300 per c.mm. 

There was no relation between viscosity, spe- 
cific gravity, hydrogen ion concentration, or cy- 
tology of the synovial fluids and their bactericidal 
properties for hemolytic streptococci or E. coli. 

comment 

Most of the synovial fluids from various joint 
diseases were strongly bactericidal for E. coli and 
E. typhi. This activity was closely related to the 
complement content of the synovial fluid, but 
heating at 56° C. for 30 to 60 minutes did not 
completely destroy the bactericidal properties. It 
has been shown (19) that the third and fourth 
components of complement require a tempera- 
ture of 62° to 65° C. for inactivation. No ex- 
periments with inactivation at this higher tem- 
perature were done in this study. It seems con- 


ceivable that the heat-stabile components of the 
complement may be responsible for the bacteri- 
cidal activity of “inactivated” synovial fluid. 

The bactericidal activity for gonococci of gonor- 
rheal synovial fluid was thought to be due to 
specific antibodies (10). According to Bauer 
(20), however, “blood from non-gonorrheal pa- 
tients may show the same variations in bacterial 
killing power to various gonococcal strains as do 
patients with acute or chronic gonorrhea.” In 
this study, no agglutinins for E. coli or E. typhi 
were found in the fluids which killed these or- 
ganisms. Bactericidal activity for these micro- 
organisms was detected in the synovial fluid from 
patients with a variety of joint diseases. It is 
unlikely that specific antibodies were responsible 
for this activity. 

There is evidence (21) that strains of strepto- 
cocci vary in susceptibility to bactericidal action 
of serum and that there is not a good correlation 
between in vivo evidence of streptococcidal power 
of patients’ blood and in vitro activity of sera. 
Variations in hydrogen ion concentration and in 
oxidation-reduction potential play important parts 
in inhibiting the streptococcidal activity of serum 
(22). No significant variation in susceptibility 
was noted in the 3 strains used in our experi- 
ments, but this does not mean that other strains 
of greater susceptibility would not have been en- 
countered if a greater number of strains had been 
tested with synovial fluid, or that wider ranges of 
hydrogen ion concentration and oxidation-reduc- 
tion potential might not have brought to light 
more fluids with streptococcidal activity. How- 
ever, there can be no question that streptococcida 
activity cannot be as easily and regularly demon 
strated as some previous reports indicated ( > 
12). Even fluids with high leukocyte counts 
were devoid of streptococcidal activity. 

Bactericidal properties for hemolytic ^ strepto 
cocci were detected in 2 of 9 synovial fluids from 
patients with rheumatoid arthritis, and in 2 o 
fluids from other joint diseases. These results ° 
not justify the conclusion that streptococci a 
antibodies are usually present in synovial o 
sions of patients with rheumatoid arthritis, or 
that their presence is specific for this disease. 

From the studies of synovial effusions, it wou ^ 
appear that the bactericidal activities for gram^ 
positive cocci are distinctly different in natur 
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from those for gram-negative bacteria. The bac- 
tericidal activity for gram-positive cocci may be 
related to the combined action of many phago- 
cytic cells and antibodies. In our studies, evidence 
for this hypothesis was obtained from a few ex- 
periments on the synovial fluid of animals which 
had received intravenous or intra-articular injec- 
tions of a sterile irritant or of living or killed 
hemoli'tic streptococci (23). All the human syno- 
\nal fluids examined contained phagocytic cells 
but only a few effusions were streptococcidal. 
Thus it can be stated that most of the synovial 
fluids were practically free of streptococcidal an- 
tibodies. The bactericidal acti%'ity for gram- 
negative bacteria is closely related to the com- 
plement content of the synovial fluid and may, 
therefore, be e.xpected to be present in effusions 
containing sufficient amounts of complement. 

SUMMARY 

The bactericidal properties of 40 sterile synovial 
effusions from patients with rheumatoid arthritis 
or other joint diseases were studied. Four of 37 
synovial fluids (10.8 per cent) killed hemolytic 
streptococci, and 34 of 39 synovial fluids (87.1 per 
cent) were bactericidal for E. colt. The killing 
power of the synovial fluid usually was stronger 
than that of the oxalated blood plasma. Bacteri- 
cidal properties for hemolytic streptococci were 
detected in only 2 of 9 synovial fluids in rheuma- 
toid arthritis (22.2 per cent), and 2 of 28 synovial 
fluids in other joint diseases (7.1 per cent). 

The bactericidal activity for E. colt, but not for 
hemolytic streptococci, was related to the comple- 
ment content of the synovial fluid; it was not 
completely destroyed by heating at 56" C. for 30 
to 60 minutes, and remained almost unaltered for 
6 months in frozen synovial fluid. 

There was no relation beUveen viscosity, spe- 
cific gravity, hydrogen ion concentration at the 
beginning of the experiment, or cytology of human 
synovial effusions and their bactericidal activities 
for hemol 3 d:ic streptococci or Escherichia coli. 
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A case of multiple myeloma with hyperpro- 
teinemia has recently been observed in which there 
W’as obtained, by prolonged dialysis of the blood 
plasma against distilled water, a large quantity of 
viscous protein. The excessive quantity of this 
protein, and the absence of reports of a similar 
observation in multiple myeloma, with the excep- 
tion which will be discussed below, makes a record 
of the circumstances under which it was obtained 
of interest. 

REPORT OF CASE 

A S7-year-old, white, unmarried, female musician com- 
menced to lose weight and grow weak in October of 
1941. Later, she developed continuous, dull pains across 
the back, in both shoulder regions and along the spine. 
On several occasions, she observed vaginal staining. The 
familial and past histories were not significant The 
menopause had occurred about 7 years previously and 
was uneventful. 

On examination January 12, 1942, waxy pallor was 
noted. The skin was loose throughout and of poor tone. 
Edema was not present On the seventh rib, at about the 
posterior axillary line, there was a tender swelling ap- 
proximately the size of a walnut and attached to bluish 
discolored skin. This mass was not movable and was 
firm in consistency'. The lungs were clear, the heart rate 
was about 90 per minute, of regular rhythm with an 
occasional premature contraction. A soft, blov/ing, sys- 
tolic murmur was heard over the apex of the hrart. The 
blood pressure was 100/60. No masses were felt on pal- 
pabon of the abdomen nor was the liver or spleen en- 
larged. The extremities showed evidences of wasting and 
the deep reflexes were hypoactive. Pelvic examination 
did not reveal any infiltration in the parametrium or 
signs of bleeding. 

The patient grew progressively weaker. On January 
31, 1942, numerous moist rales were heard over both 
bases. A firm and deeply attached, some^vhat tender 
prominence had appeared over the fourth dorsal vertebra. 
Oozing of blood from the gums, and, on several occa- 
sions, grossly bloody urine were observed. In addition, 
during the second week in February, numerous purpuric 
spots appeared in the skin and larger hematomata over 
areas of friction. A positive capillary fragility test was 
observed at the same time. The patient died on Marcdi 8, 
1942. Roentgen films showed generalized osteoporosis 


with punched out areas of rarefaction. A diagnosis of 
multiple myeloma was made and confirmed by the biopsy 
obtained just before death from the mass over the rib. 

LABORATORY FINDINGS 

On January 13, 1942, the hemoglobin w-as 4.2 grams per 
100 ml. blood; the red cell count was 1,408,000 and the 
leukocyte cotmt 10,250, of which segmented neutrophiles 
comprised 55 per cent, non-segmented 12 per cent, mono- 
cytes 1 per cent, lymphocytes 30 per cent, and metamyelo- 
cytes 2 per cent. The blood sugar was 108 mgm., N. P. 
N. 38 mgm., cholesterol 329 mgm. (of which esters com- 
prised 64 per cent), inorganic phosphorus 4.2 mgm., cal- 
cium 12 mgm., and phosphatase 22 Bodansky units per 
100 ml. blood. The total serum protein was 9.3 grams 
per cent, of which albumin comprised 3.0 and globulin 
6-3 grams per cent The hematocrit was 16 per cent 
The urine was repeatedly negative for Bence-Jones pro- 
tein. 

It was repeatedly noted that immediately after blood 
was withdrav-Ti by venipuncture, the cellular portion 
quickly settled to the bottom and the supernatant fluid 
clotted. This may have been an expression of the pseudo- 
agglutination mentioned by Magnus-Levy (1) and by von 
Bonsdorff, Groth and Packalen (2). There was no re- 
traction of the clot, centrifugation being necessary in 
order to obtain serum. 

Prothrombin estimations using snake venom [Shapiro, 
Sherwin, Redish and Campbell (3) ] yielded the following 
values : 

UTiole 25 per cent 

Date plasma plasma Difference 

January 14 12 seconds 14 seconds 2 seconds (Nomal 
January 20 18 seconds 20 seconds 2 seconds differ- 
ence is 
10.5 se- 
conds) 

Later these were repeated and revealed the following 
figures, using rabbit brain thromboplastin-calcium chloride 
mixture (3) instead of snake venom: 

Date Whole plasma 12.5 per cent plasma 

February 20 33 seconds* 32 seconds 

February 27 51 seconds 40 seconds’ 

In both series of estimations, the difference in pro- 
thrombin time between whole and diluted plasma is 


’ Norma] value for whole plasma is 24 seconds. 

* This is normal value for this dilution of plasma. 
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Fig. 1. Electrophoretic Patterns of the Patient's Plasma and Serum, of the Fluid Above tMe Viscous 

Layer, and of the Viscous Precipitate 


Pictures of the descending limb of the electrophoresis cell are indicated by arrows pointing to the left; those 
of the ascending limb by arrows pointing to the right. The sharp boundary seen between P globulin and the VP 
protein in the patterns of the descending limb is the so-called P anomaly. The Toepler schlieren method with 
Longsworth’s scanning modification was used to obtain the patterns. A potential gradient of 8.2 volts per cm. 
was employed in the barbiturate experiments (Figures lA, IB, and 1C) and 3.9 volts per cm. in the phosphate 
experiments (Figure ID and IE). 

The current in experiments illustrated in Figures lA, IB, and 1C was 12 milliamperes and the conductivities 
of the fluids were 0.00188, 0.00187, and 0.00199 mhos. The current in the experiment illustrated in Figure ID was 
30 milliamperes and the conductivity 0.00989 mhos. The current in the experiment illustrated in Figure IE was 
14 milliamperes and the conductivity 0.00938 mhos. The duration of the electrophoresis was 1% hours in Fibres 
lA, IB, and ID and 1 hour and 1 minute in Figure 1C and 2 hours in Figure IE. Composition, pH and ionic 
strengths of the buffers used are given in Table I. 
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markedly reduced— in fact, in the second series, the plasma 
diluted to 12^ per cent yielded a shorter prothrombin 
time than the whole plasma. This phenomenon, accord- 
ing’ to the interpretation suggested by Shapiro el at. (3), 
is indicative of an excess of anticoagulant in the blood. 
These findings arc not believed to bear any direct rela- 
tion to the protein described below. It is noteworthy 
that the cutaneous hemorrhages were first observed at 
about the time tliat the prolongation of the prothrombin 
time of the whole plasma ss-as observed. This is the 
subject of another study and wilt be discussed in a sub- 
sequent publication. 

The electrophoretic pattern of the blood plasma of this 
patient is shown in Figure lA. In addition to the peaks 
representing albumin, and a, P, and 7* globulins with 
mobilities comparable to those given by Moore and Lynn 
(4) for these components in normal serum, there is a 
component having a mobility of — 4.2 X ICT* cm. per 
second, per volt, per cm. (a, globulin in Table I), which 
is intermediate betiveen the mobilities of a and p globu- 
lins.< More striking, however, is the very large peak, 
marked VP, with a mobility of — 1.9. Figure IB shows 
a pattern of the patient’s serum. The VP peak is present 
in apparently undiminished size, proving that the com- 
ponent is not fibrinogen. Furthermore, only 0.5 per cent 
of fibrinogen was found in the blood plasma. Figure 1C 
shows the pattern of the blood plasma after removal of 
the precipitate formed by adding enough solid NaQ to 
make the concentration 25 per cent The extra protein 
is still present Mobilities, calculated from the descend- 
ing limbs of these patterns, are given in Table I. Meas- 
urements of the area under the VP peak of several 
patterns show that this component is present to the 
extent of about 45 per cent of the total serum protein.® 
If one adds the VP protein to the globulins, one obtains 
, an albumin to globulin ratio of 0.34, 0.37, and 0.36 re- 
spectively for the three patterns of plasma and serum 
shown in Figure 1. Omitting the VP from such a calcu- 
lation yields ratios of 0.92, 1.05, and 0.90. 

A solution of the VP protein purified by electrophoresis 
(in 0.02M phosphate buffer of pH 7J5 and containing 
0.15M NaQ ; it = 02) became cloudy when heated to 
58° in the water bath. At 60° C., it became somewhat 


®The 7-globulin peak contains also that due to the 
buffer boundary. Since the ratio of protein concentra- 
tion to buffer ionic strength is rather high in these analy- 
ses of whole plasma and serum, the salt boundary is 
large. The true 7-globuHn peak is somewhat masked by 
the “false” peak giving erroneous positive mobilities 
(+ 0.3, -j- 0.2, 0.2 respectively in Figures lA, IB and 

1C) for 7-globulin. 

* See the article by Longsworth, L. G., Chem. Rev., 
1942, 30, 323, for evidence of a component separating 
from albumin in normal human plasma in barbiturate 
buffer, pH 8.6. 

® For Figure 1 A, VP = 45 per cent, albumin = 26 per 
cent, a, = 6 per cent, a, = 6 per cent, /3 = 11 per cent, 
and 7 = 6 per cent 


TABLE I 


Electrophoretic mobilities of the blood proteins, in cm. per 
second per volt per cm. X 10~‘ 


Fig- 

ure 

Material in 
the cell 

pH 

Al- 

bumin 

ot 

Glo- 

bulin 

at 

GIo- 

bulin 

e 

Glo- 

bulin 

VP 

Pro- 

tein 

lA 

Plasma* 

7.8 

-6.7 

-5.1 

-4.2 

-3.4 

-1.9 

IB 

Serum* 

7.8 

-6.7 

-5.1 

-4.0 

-3.1 

-1.9 

1C 

NaCl* 

7.8 

-7.0 

-5.1 

-4.3 

-3.5 

-1.7 


treated 

plasma 







ID 

Supernate of 

7.4 

-5.4 

? 



-1.9 


viscous 








proteinf 







IE 

Viscous 

7.3 



-3.9 

-3.3 

-1.9 


proteinf 








* Serum and plasma were diluted 1 to 4 with a buffer 
consisting of 0._02SAf lithium diethylbarbiturate, 0.025M 
diethylbarbituric _ add,' and 0.02SM lithium chloride 
(jt = 0.05), and dialyz^ against 1 liter of the same buffer 
for 1 day and then against 2 liters the second day. Except 
for y globulin, all the components carried a negative charge 
under these conditions. See Footnote 3. 

t Carried out in the same way as serum and plasma 
experiments but in 0.02M phosphate buffer containing 
0.15M NaCl (ji = 0.2). Mobilities calculated from an 
electrophoretic pattern of the serum in phosphate buffer 
were: albumin 5.4, a globulin 3.3, (ai and aj globulin were 
unresolved in the descending limb), p globulin 2.5, VP 1.7, 
and 7 globulin 0.1. Mobilities were calculated from the 
patterns of the descending limb. 

viscous. The viscosity increased as the temperature was 
raised till at 67° C, it ■was very viscous, and at 72° C, 
the protein was completdy coagulated. When the tem- 
perature ■was raised to 100° C., solution did not occur. 
It, therefore, was not Bence-Jones protein. The sedimen- 
tation constant, measured in the air driven ultracentrifuge 
(5), was 7.0 S and the diffusion constant 4.06 X ICE', 
corrected to 20° C. The calculated molecular weight is 
162,000, thus further excluding Bence-Jones protein. A 
solution of the protein, containing 1 part in 100,000, 
yielded a precipitate with rabbit anti-human serum at 
room temperature. Greater dilutions were not tried. 

When the untreated blood plasma was dialyzed in 
viscose sausage casing against repeated changes of dis- 
tilled ■water in the ice box (ca. 2° C.), there formed, 
after about 10 days, a sharply demarcated layer of liquid 
at the bottom of the bag which increased in quantity until, 
after several days, it amomited to about IS per cent of 
the total volume. This layer was translucent, had a 
marked greenish tint, and was so viscous that it was 
difiScult to remove from the bag. In order to determine 
the relation of this viscous protein material® to the VP 


® By the term “viscous protein,” we do not mean that 
the precipitate is composed of a single molecular species, 
nor do ■we use the term to describe the behavior of the 
precipitate in dilute solution. The term is used to de- 
scribe the gross appearance of the excessively gelatinous 
and sticky material. Under identical conditions, plasmas 
of several hospital patients yielded ■what appeared to be 
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peak in the electrophoretic patterns of serum and plasma, 
a pattern of the fluid above the viscous layer in the 
dialysis bag was made after removal of some solid 
protein. The result is shown in Figure ID. Only a 
very small amount of the VP protein is present. The 
large peak seen in the pattern represents albumin. The 
small peak has the mobility of the VP protein. There 
is also a small quantity of globulin (seen more clearly 
in the original picture). It is believed, therefore, tliat 
the viscous protein is derived from the protein repre- 
sented by the VP peak seen in the serum and plasma 
patterns. There is reason to believe, however, that they 
are not identical. For example, when the electrophoreti- 
cally isolated VP component was dialyzed against water 
to free it of salts, partial precipitation occurred, but the 
precipitate was not viscous. Also the electrophoretically 
prepared protein (mobility — 1.9) possessed a higher 
coagulation temperature than the viscous protein. 

A pattern of the viscous precipitate,^ following re- 
moval of some water-insoluble protein resting on its 
surface and repeated washing with water, is shown in 
Figure IE. The VP protein is present, together with 
Qs and /3 globulin and possibly some 7 globulin. Below 
we present reasons for suggesting that the viscous pro- 
tein represents a complex of the VP protein as seen in 
the patterns of the serum and plasma with another serum 
protein, or proteins, which forms on removal of salts. 
If this is so, then the presence of the a, and ^ globulin 
peaks in the pattern IE indicate a dissociation of the 
complex in the presence of the salts comprising the buffer. 
There is, of course, the possibility that the a, and /3 
globulins seen in Figure IE represent the water-insoluble 
fractions of these two proteins, co-existing with the VP 
protein. 

When a little of the viscous protein was drawn out 
into a thread, it had a pearly sheen. It dissolved readily 
in N/50 HCl and N/50 NaOH and in 0.87 per cent NaCI, 
yielding limpid solutions. When a solution of the viscous 
material in saline was heated to 55° C., it became turbid. 
Raising the temperature to 64° C. precipitated the pro- 
tein. Further heating to 100° C. did not cause resolution. 
A solution of the viscous protein gave the usual protein 
color tests. The Molisch test was positive also. A 
heavy precipitate resulted on the addition of HNO,, 
trichloracetic and phosphotungstic acids with potassium 
ferrocyanide and potassium picrate in the presence of 
acetic acid. Acetic acid alone did not precipitate the 
protein. The viscous protein (dried at 100° C. vacuum 
and PjOb) contained 13.9 per cent nitrogen. Following 
hydrolysis with N/1 HCl at 100° C. in a sealed tube for 
4 hours, there was found 13.4 per cent® reducing sub- 
stances (as glucose) by the Hagedorn-Jensen method. 

on close inspection very small quantities of semi-liquid 
material along with the usual precipitate of globulin. 

^ This precipitate was obtained by dialysis of a second 
sample of blood plasma. 

s This figure is probably higher than the true value 
owing to the reducing action of certain amino acids 
formed by hydrolysis. 


DISCUSSION 

In multiple myeloma, the extra protein in the 
serum may differ from case to case. In many in- 
stances it is a euglobulin, in sopie it is one of 
several kinds of Bence-Jones protein, while in 
others it has not been classified. Instances of the 
last are the protein of von Bonsdorff, Groth and 
Packalen (2), discussed below, and the viscous 
protein described in this report. Magnus-Levy 
classified the extra protein in some of his multiple 
myeloma cases as euglobulin because of its pre- 
cipitation on dilution of the sera with water. In 
an extensive study, Gutman ei al. (6) found that 
in many cases of hyperglobulinemia in multiple 
myeloma, the increment consisted of either euglob- 
ulin or pseudoglobulin 1, as described by the Howe 
salting-out method. In the case here described, 
the excess globulin behaved as pseudoglobulin 2, 
being precipitated out of the serum on the addi- 
tion of 30 volumes of l.SM NaoSO^.® 

Multiple myeloma sera may show variations in 
their electrophoretic patterns also. Longsworth, 
Shedlovsky, and Macinnes (7) demonstrated a 
considerably enlarged globulin peak, while Kek- 
wick’s (8) patterns indicate a greatly increased 
amount of y globulin in several cases and a large 
increase in. globulin in one instance. (The 
latter has a mobility between jS and y globulins.) 
It is interesting that precipitation of the last serum 
in phosphate buffer pH 8, ju, = 0.1, with 20 per 
cent Na 2 S 04 , yielded a sticky product, electro- 
phoretically homogeneous at every pH investi- 
gated, but showing four components in the ultra- 
centrifuge. The carbohydrate : N ratio of the 
globulin so precipitated was 0.167, while that of 
the globulin prepared from one of the other sera 
was 0.083. The isoelectric points of the globulins 
he prepared from the myelomatous sera differed 
markedly from that of normal human y globulin, 
being ca. 6.5 for the latter and ca. 7.0 for y globulin 
in each of 2 of the former, and ca. 5.8 for the pz 

® We are indebted to Dr. A. B. Gutman for this deter 
mination. He found the total protein to be 10.5 grams 
per cent. Of this, the albumin comprised 2.9 grams per 
cent, and globulin 7.6 grams per cent. The latter was 
composed of 0.8 per cent pseudoglobulin 1, 6.5 per cen 
pseudoglobulin 2, and 0.3 per cent euglobulin. _ 

10 The mobility of the A globulin, electrophoreti«ny 
separated from the corresponding serum, was • 
pH 7.99 phosphate buffer, with /i = 0.1. 
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globulin he obsen’cd in one of the cases. Gutman 
and his co-ivorkcrs found, in a larger series, that 
the h}’perproteincmia in multiple myeloma may be 
associated with increased quantities of protein 
possessing the mobility of either ^ or y globulin 
or intermediate between them. 

A protein resembling, in certain of its proper- 
ties, tlie one wc have described was observed by 
von Bonsdorff, Groth and Packalen in the serum 
of a patient with multiple mj’eloma. It was vis- 
cous and crj’Stallizable, and it coagulated when its 
solution was heated to 71° C. It was insoluble 
in water and physiological salt solution but was 
soluble in weak alkali and weak acid. Its nitro- 
gen content is given as 13.8 per cent of an incom- 
pletely dried sample. No data are given for its 
carbohydrate content. They report a sedimenta- 
tion constant S-o = 7.1 X 10'^’ and a molecular 
weight of 200,000. In its viscositj' and its solu- 
bility in weak alkali and weak acid, and possibly 
in its nitrogen content, their protein resembles 
the viscous protein described here. Its insolubility 
in NaQ solution, its coagulation temperature and 
serological behavior” make it appear different. 
The serum of their patient also behaved differently 
from that which we studied in that it (a) clotted 
at 71° C,, (6) separated into two layers after 
several hours in the ice-box, and (c) deposited 
crystals of their protein after 48 hours. Our 
plasma failed to separate into layers even after 
many weeks in the ice-box; a flocculent sediment 
formed. We did not observe crystal formation. 

A wscous protein has been observed by several 
investigators in normal human and horse serum. 
Piettre (9) identified a viscous protein in normal 
human serum which he named myxoprotein. Ar- 
cand (10) measured the amount of this protein 
in normal and pathological body fluids. Dola- 
dilhe (11) and Ho Dac An (12) also have re- 
ported that a viscous protein separates on dialyz- 
ing horse and human sera. 

Of considerable interest in regard to the viscous 
protein herein described is the work of Hewitt 
(13). This investigator found that, following 
initial precipitation of protein (euglobulin 1) re- 
sulting on dialysis of normal horse and human 
sera against water, there forms, on extended 

See the recent report of further serological examina- 
tion of their protein : Packalen, T., Acta Path, et Micro- 
biol. Scandinav., 1940, 17, 263. 


dialysis, a precipitate which is semi-liquid, green- 
ish blue in color, and soluble in dilute salt solution 
(euglobulin 2 in his nomenclature).^^ This de- 
scription so well fits our viscous protein that it 
suggests the possibility that the extra protein VP, 
with the mobility of — 1.9, may react with an- 
other serum protein to yield the viscous protein 
herein described. The differences betiveen the VP 
protein seen in the patterns of serum and plasma 
and the viscous protein separating on prolonged 
dialysis have already been mentioned. In addi- 
tion, it may be added that Figure ID shows the 
absence of jff and y peaks, suggesting that the 
water soluble portions of these tivo globulins may 
have been the ones combining with the VP protein 
to yield the viscous protein. 

SUMMARY 

A very large amount of viscous protein sep- 
arated on prolonged dialysis, against distilled 
water, of the blood plasma from a patient with 
multiple myeloma. It contained 13.9 per cent 
nitrogen and, following hydrolysis, yielded 13.4 
per cent reducing substance (as glucose). It 
coagulated at 64° C. Solubility and precipitation 
characteristics are given. 

Electrophoretic examination of the plasma and 
senun showed a very large peak with a mobility 
of — 1.9 X 10'^ cm. per second per volt per cm. 
(barbiturate buffer, pH = 7.8, /i = 0.05). This 
material had a molecular weight of 162,000. It 
coagulated at 72° C. and did not redissolve when 
the temperature was raised to 100° C. It is 
neither fibrinogen nor Bence-Jones protein. 
There is some evidence to suggest that it is a 
normal serum globulin which reacts with another 
serum component to yield the viscous protein 
which settles out on freeing the blood plasma of 
salts by dialysis. 

We wish to thank Miss Helen Sikorski for performing 
the diffusion and electrophoresis experiments. We are 
indebted to Dr. J. B. Weiss (Hospital for Joint Diseases) 
for permission to study this case. We are greatly in- 
debted to Dr. A. E. Severinghaus for the use of his air- 
driven ultracentrifuge. 

Hewitt finds that by mixing pseudoglobulin A (by 
which he designates the fraction of water-soluble globulin 
precipitated by H saturation with ammonium sulfate) 
with his "globoglycoid” he obtains a precipitate of cuglob- 
ulin 2, semiliqiud in consistency, which presumably is the 
same as he obtains on prolonged dialysis of serum. 
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TABLE I 


Intravenous injection of neutral isotonic sodium phosphate solutions 






Phosphate ^ 

Clearance 


Amount of phosphate 

Experiment 

number 

Dog weight 





1 






Period* 

Duration 

Urine flow 
(1) 

Urine 

(2) 

Scrumt 1 
(3) ! 

PO 4 

Creatinine 

(4) 



Reabsorbed 

(3)X(4)-(1)X(2) 






100 

1 100 

100 

kgm. 


minutes 

cc. per 
minute 

tngm 

. per cent 

cc, per minute 


tngm. per minute 

1. 


38 

0.92 

589 

14.7 

37 

77 

11.32 

5.42 

5.90 

20.S 


60 

0.60 

703 

13.4 

32 

69 

9.25 

4.23 

5.02 



85 

0.44 

740 

12.6 

26 

51 

6.43 

3.22 

3.21 



155 

0.26 

686 

10.7 

17 

28 

3.00 

1.78 

1.22 

2. 

1 

35 

3.72 

235 

40.0 

22 

54 

21.60 

8.73 

12.87 

15.0 


68 

1.40 

291 

25.0 

16 

31 

7.75 

4.05 

3.70 



65 

0.80 

292 

18.5 

13 

25 

4.63 

2.33 

2.30 



63 

0.78 

266 

16.6 

13 

23 

3.82 

2.08 

1.74 

3. 

1 

26 

3.85 

391 

34.5 

44 

90 

31.00 

15.05 

15.95 

13.2 


29 

2.31 

377 

21.0 

41 

87 

18.27 

8.71 

9.56 


28 

1.43‘ 

384 

16.8 

33 

81 

13.60 

5.49 

8.11 



57 

0.79 

429 

13.5 

25 

59 

7.96 

3.39 

4.57 



66 

0.50 

474 

10.0 

24 

70 

7.00 

2.37 

4.63 

4. 

1 

31 

2.87 

332 

20.0 

48 

74 

14.80 

9.54 

5.26 

17.6 

2 

21 

1.76 

276 

12.5 

39 

80 

10.00 

4.86 

5.14 

3 

67 

1.10 

284 

10.2 

31 

60 

6.12 

3.12 

3.00 


4 

82 

0.65 

403 

8.5 

31 

48 

4.08 

2.62 

1.46 


5 

30 

0.47 

479 

7.9 

28 

66 

5.21 

2.25 

2.96 


6 

25 

0.36 

549 

7.5 

26 

68 

5.10 

1.98 

3.12 


* Successive periods after the infusion. t Interpolated, values. 


ultrafilterable. Any colloidal complex of calcium 
and phosphate which might be formed is therefore 
quantitatively unimportant. If these concentra- 
tions in ultrafiltrate are substituted for concentra- 
tions in serum in the calculations of Table I, the 
estimated rates of reabsorption are only slightly 
altered. 

TABLE II 


Ultrafilterable inorganic phosphate of serum 


Experiment 

number 

Sample 

Phosphate 

Phosphate, 

ultrafilterable 

Serum 

Ultrafiltrate 



tngm. per 100 cc. water 

per cent 

1 

1 

17.52 

17.40 

99 


2 

14.44 

15.55 

108 


3 

14.60 

15.55 

107 


4 

12.83 

12.30 

96 


5 

10.45 

10.48 

100 

3 

1 

48.75 

44.10 

91 


2 

19.84 

19.28 

97 


3 

12.92 

11.87 

92 


4 

8.93 

7.69 

86 

4 

1 

33.95 

30.93 

93 


2 

14.36 

13.23 

92 


3 

9.93 

9.24 

93 • 


4 

8.62 

8.62 

100 


DISCUSSION 

These experiments demonstrate that phosphate 
is reabsorbed by the tubules in a manner resem- 
bling that of other ions, rather than that of glU" 
cose and the other sugars. Harrison and Harri- 
son were presumably led to a contrary, and er- 
roneous, conclusion by studying variations in the 
reabsorption of phosphate over too narrow a 
range of concentration of phosphate in serum. Ib 
addition, the excretion of inorganic phosphate is 
related to its concentration in serum, and to its 
simultaneous glomerular filtration rate, in a man 
ner resembling that of other ions. In Figure > 
the excretion rate of inorganic phosphate is 
plotted against concentration of inorganic phos 
phate in serum. Data from experiments of Pitts 
(10), in which hypertonic neutral phosphate solu- 
tions were injected, are included for comparatiy 
purposes. There is obviously a direct relationship 
between the two variables, and all the lines 
that corresponding to experiment 2 (Table I) 
into the same rather narrow range. ^ No i 
ences are apparent between our experiments wi 
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CONCLUSIONS 

( 1 ) No limiting or “maximal” rate of tubular 
reabsorption of inorganic phosphate in the dog 
could be demonstrated. 

(2) In this respect, excretion of phosphate re- 
sembles that of other ions, rather than that of 
glucose. 

(5) The relation of the excretion of phosphate 
to its concentration in serum and its relation to 
glomerular filtration are similar in character to 
those of sulfate and of potassium. 
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TABLE I 

Intravenous infusion of neutral isotonic sodium phosphate solution 


Experiment 
number 
Body weight 

Period 

Duration 

Urine flow 

Concentration of 
inorganic phosphate 

1 

Clearance of 
inorganic 
phosphate 

1 

Distribution of inorganic 
phosphate 

Remainder 

Urine 

Senimt 

Recovered 
from urine 

Present in 
extracellular 
fluid 

kgm. 


minutes 

ce. per minute 

mgm. per 100 cc. 

cc. per minute 

per cent of total 

amount injected 

per cent 

1. 

1 

35 

6.23 

3 


5 




77.8 

2 

65 

2.20 

12 

3.99 

7 





3 

58 

2.19 

36 


' 21 





4 

157 

0.82 

55 

3.48 

! 13 


1 



5* 

52 

3.04 

314 

17.35 






6 

53 

2.49 

395 

10.80 

73 

32 

48 

20 


7 

40 

1.80 

457 

1 

84 

1 


23 


8 

45 

1.16 

464 

7.59 

63 

SO 

27 


9 

60 

1.09 

345 

6.00 

53 

56 

20 

24 


10 

60 

1.01 

263 


43 





11 

60 

0.68 

301 



64 

! 


2. 

1 

60 

■ 0.73 

44 

2.52 

13 

i 

1 


77.6 

2 

120 

0.79 

44 


13 





3 

60 

1.80 

61 


38 


1 



4 

120 

0.37 

12 

3.15 

14 

1 




5* 

28 

4.64 

198 

18.91 



61 

19 

1 

1 

6 i 

32 

3.72 

303 

12.51 

72 

20 


7 

45 1 

3.96 

216 


70 

1 

31 

26 


8 

40 1 

2.92 1 

167 

8.78 

51 

37 


9 

50 

1.88 

232 

7.08 

55 

44 

26 

30 


10 

195 

0.81 

259 



55 



3. 

1 

60 

0.61 

65 


15 




86.4 

2 

35 

0.S6 

52 

2.69 

11 




3 

90 

0.35 

54 


6 





4 

43 

1.72 

38 

3.33 

22 





5* 

57 

8.98 

133 

13.43 


37 

29 



6 

42 

9.76 

118 

7.35 

105 



7 

90 

3.31 

161 

5.46 

73 

52 

15 

00 


S 

68 

1.19 

276 


63 

68 




9 

120 

0.82 

275 




\ 

4. 

1 

65 

2.38 

12 

3.19 

9 




56.3 

2* 

69 

4.97 

167 

20.07 ! 

79 




3 

43 

2.60 

406 

1 

40 

i 30 



4 

37 

2.54 

251 

9.60 i 

55 

1 Ov 


5 

45 

2.82 

189 

7.08 1 

58 

I 47 

18 

00 


6 

45 

2.60 

79 


28 


1 

1 



7 

75 

2.68 

45 

1 

19 

54 

! 

38 


8 

45 

8.00 

30 

4.98 1 

42 

8 

38 


9 

75 

3.80 

39 

4.54 

30 

56 

0 


10 

65 

7.15 

16 

3.71 

27 

59 


' 39 


11 

55 

0.80 

128 

26 

Z 


12 

60 

0.92 

120 


29 

1 62 




13 

120 

2.75 

40 







* Injection given during this period. t Sample at end of period. 


the rate of 200 cc. per hour, but no food. Clearances of 
P were calculated by a method previously described (4). 

RESULTS 

(^A') Excretion in the normal fasting subject 

In Figure lA are presented the diurnal varia- 
tions of P excretion, and of serum P, in the nor- 
mal fasting subject, on a single typical day. The 
excretory rate first fell off sharply during the 


second hour after arising, then gradually m 
creased during the late morning hours, reaching a 
maximum in the early afternoon. In expen 
ments in which the customary rhythmn of sleeping 
and waking was reversed (Figure IB), ^ 
cretory rate fell off sharply in the second hour 
after the subject had arisen, just as it did m 

early morning hours of the control experimen 

However, instead of increasing again after 
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3 hours, the rate of excretion persisted at a low 
level for another three to nine hours. The transi- 
tory increase in the excretory rate of P at about 
2 a.m. did not always appear. After falling off 
for a time, the rate of excretion once again in- 
creased markedly during the morning hours after 
a sleepless night. The characteristic curve of P 
excretion in this group of observations (Figure 
IB), therefore, differs in form from that of the 
same subject with a normal cycle of sleeping and 
waking (Figure lA). 

No regular pattern of variation in the serum P, 
corresponding to variations of P excretion in the 
urine, can be seen in any of these experiments 
wth the normal diurnal variations of P excretion. 
In four of the six experiments, the serum P con- 
centration decreased beUveen the first and third 
hour after rising. In one control observation, 
there was a sharp, unexplained rise in the serum 
P to 5.7 mgm. per cent during the early evening, 
unassociated with any increase in the renal ex- 
cretion of P. 

(B) Effects of food and insulin 

In Figure 2A, the effects of a high carbohydrate 
breakfast in a normal subject are shown. No 
other food was taken during the period of ob- 
servation. The fall in excretion rate seen in a 
fasting subject during the second hour after aris- 
ing is replaced by a moderate rise in excretion 
rate of P immediately after breakfast. Similar 
results were obtained in two other subjects. The 
rate soon falls off again, and the remainder of 
the daily cycle is indistinguishable from that of 
the completely fasting subject. 

In the three diabetic subjects receiving insulin, 
there was, on the other hand, an initial decrease 
both in the serum P and in the urinary excretion 
rate of P following breakfcist and insulin (Figure 
2B). No good quantitative relationship and no 
exact synchrony could, however, be established 
between serum P and urinary excretion rate of 
P. Thus, in the experiment of Figure 2B, serum 
P concentration was still decreasing at the same 
time that the renal excretion rate was beginning 
to return to its initial value. In another experi- 
ment, there was an almost complete absence of P 
from the urine, while the concentration of P in 
serum was 3.1 mgm. per cent, a concentration 
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A B 


Figs. 2A and 2B. Excretion of P (A) In a Normal Subject Following Breakfast, and 
(B) In a Diabetic Subject Following Insulin and Breakfast 


commonly associated with much higher rates of 
excretion of P in the urine. 

(C) Statistical relationships of urinary excretion 
of P to serum P concentration and to 
rate of urine flow 

In Figure 3, the urinary excretion rate of P, in 
all experiments in which no P was injected, is 
plotted against corresponding serum concentra- 
tion. The latter values were obtained by inter- 
polation. There is almost no statistical correla- 
tion between the two variables. 


In the individual observations of diurnal varia- 
tions of P excretion, there was no discernable 
relationship between the excretion rate of P and 
the rate of urine flow (Figures 1 and 2). This 
conclusion is confirmed by the evident lack of cor- 
relation between these two variables in Figure 4, 
in which they are plotted directly against one 
another. 

(D) Effects of infusion of sodium phosphate 
solution 

The results of four experiments in which neu- 
tral isotonic sodium phosphate solution was m- 



SERUM PHOSPHATE 
milligrams percent P 


Fig. 3. Relationship Between Serum P and Urinary Excretion Rate 
OF P IN All Experiments in Which No P Was Injected 
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Urine Flow cc. per minute 

Fig. a. Relationship Between Urine Flow and Urinart E.xcretion Rate of P in 
All Experiments in Which No P Was Injected 

jected intravenously arc given in Table I. Enough ccntration declined, the clearance of P also de- 
phosphate was given to increase the serum P five- creased. The exact functional relationship be- 

or six-fold. The rate of urinary excretion of P t%veen urine excretion rate and the corresponding 

was likewise enormously increased, to a greater mean serum concentration of P is shown in Fig- 

degree indeed than was the serum concentration, ure 5. The lines are nearly straight, and tend 

As a result, the clearance of P is several times to intersect the abscissa at or slightly above the 

as great at artificially elevated concentration of region of normal serum concentration. This close 

serum P than at normal concentrations. As con- interdependence of the two variables contrasts 
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Fig. S. Relationship Betwwen Serum P and Urinary Excretion Rate of P in 
Four Experiments in Which Isotonic Neutral Sodium Phosphate Solution Was 
Injected Intravenously 
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sharply with the lack of correlation between the 
two when no P is injected (Figure 3). 

Some estimate of the distribution of' injected 
P between cellular and extracellular fluid of the 
body has been made in the last three columns of 
Table I. It has been assumed that the extra- 
cellular fluid of the body constitutes 25 per cent 
of the body weight, and that the concentration of 
P in the extracellular fluid is identical with that 
in an ultrafiltrate of serum. Ultrafiltrates of 
serum were made in one experiment (number 4 
of Table I), and the concentrations of P in the 
ultrafiltrates did not differ by more than 5 per 
cent from the concentrations in the corresponding 
whole sera. It was therefore assumed in the 
other experiments that concentration of P in 
serum could be used as an approximation of its 
concentration in ultrafiltrate. The percentage of 
the injected P present at any time in the extra- 
cellular fluid is therefore: 

Body weight (kgm.) 

4 

X Increase in serum P X 10 X 

where the increase in serum P is expressed in 
mgm. per cent, and 2985 represents the number 
of mgm. of P injected in each experiment. Urin- 
ary recovery has been estimated by subtracting an 
assumed average endogenous P excretion rate of 
0.5 mgm. per minute from the total urinary ex- 
cretion of P. The difference between the total 
amount of P injected, on the one hand, and the 
sum of the P recovered from the urine and that 
still present in the extracellular fluid, on the other, 
must represent P which has entered cells or has 
been excreted into the gut. Between 20 and 34 
per cent of the injected P was regularly present 
in this "remainder” within the first hour after 
injection. From that time on, the amount in- 
creased very slightly or not at all during the next 
few hours, while, at the same time, the extra- 
cellular fluid was losing its P to the urine. As a 
result, only 60 to 70 per cent of the injected P 
was recovered during the course of our experi- 
ments, even though in one instance (number 4 
of Table I), the serum P had returned to normal. 

DISCUSSION 

Under normal circumstances, the concentration 
of P in serum evidently does not determine com- 

\ 


pletely the rate of urinary excretion of P, since 
the latter may vary quite independently of the 
serum P (Figure 3). The fact that no constant 
parallel change in the concentration of P in serum 
accompanies the wide variation of urinary P dur- 
ing the normal diurnal cycle proves that the rate 
of urinary excretion is much affected by factors 
other than serum P concentration (Figures lA 
and IB) . On the other hand, we know that, after 
injection of P, changes in concentration of P in 
serum are reflected in changes in the rate of 
urinary excretion of P (Figure 5). It is also 
quite possible that the same thing is true under 
more normal circumstances, except that the 
changes in the serum P are usually masked by 
quantitatively more important changes, due to 
other causes. For instance, insulin and carbo- 
hydrate administration cause a reduction in the 
serum P, due mainly to a passage of P out of 
the extracellular fluid into the cells (Figure 2B) ; 
this reduction is regularly paralleled by a reduc- 
tion in the rate of urinary excretion of P. It 
seems reasonable to believe that the change in the 
rate of urinary excretion is simply a reflection of 
the change in serum concentration. It is possible 
that, in a somewhat similar way, the marked in- 
crease in the rate of excretion of P following 
prolonged acidosis, due to excessive carbon diox- 
ide (5), only reflects the rise in concentration of 
serum P. On the other hand, the increased rate 
of P excretion, which often follows the ingestion 
of food by normal subjects not receiving insulin 
(Figure 2A), is apparently unrelated to changes 
in the serum P. The marked increase in the 
urinary output of P following parathormone, with- 
out much change in the concentration of P 
serum (6), indicates that this hormone acts di- 
rectly on the kidney, rather than indirectly through 
a control of the serum P. If P in urine is 
derived from serum P passing through the glo- 
merular filter, then variations in tubular reab 
sorption must be quite as important, under norma 
circumstances, as variations in the concentration 
of P in the glomerular filtrate in governing the 
rate at which P is finally excreted in the urine. 

In marked contrast to the situation at norma 
concentrations, serum P concentration seems to 
be the main correlative of the rate of renal ex 
cretion of P whenever serum concentration is 
increased well above normal (Table I and Figure 
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5). The findings in man in this respect are quite 
similar to those in the dog (8 to 11) and in the 
rabbit (7). In view of the different relationship 
between serum P and renal excretion rate, at 
normal and at artificially elevated serum P con- 
centrations, the transition from elevated to normal 
levels of serum J? are of especial interest. Ex- 
periment 4 of Table I is relevant. At a scrum P 
level between 5 and 6 mgm. per cent, the pre- 
\nously rapid decline in the serum P suddenly 
slackened. At the same time, the urinary excre- 
tion rate became markedly irregular and lost its 
previous linear mathematical relationship to serum 
P. This single obser\'ation suggests that the shift 
from a type of excretion closely dependent upon 
senim concentration to one relatively independent 
of it may occur fairly rapidly and completely at a 
critical level of the serum P. In this case, the 
critical level was a little greater than 5 mgm. per 
cenL The solitaiy' obser\'ation of Schultz (1) 
indicates a similar fairly abrupt change in the rate 
of decline of the serum P at 6 mgm. per cent. 
Urinary excretion was not, however, as clearly 
dissociated from serum P concentration below this 
level as in our experiment. 

The kidney is evidently the chief channel 
through which large sudden additions to the P 
of the body are removed, since about two-thirds 
of the injected P was recovered from the urine, 
even before the serum P and the renal excretion 
rate had returned completely to normal. In addi- 
tion to the amounts present in the extracellular 
fluid, there is still a considerable fraction of the 
injected P which has been segregated elsewhere in 
the body. The partition between cells (or bone) 
and the bowel of this segregated balance is not 
kno^vn. As has been pointed out, the segregation 
takes place almost entirely within the first hour 
after infusion. After this time, the fraction in- 
creases slowly or not at all, so that there can be 
little continued excretion into the bowel and little 
loss from the cells. If any considerable portion 
of this fraction is, in fact, excreted into the gut, 
such excretion must take place initially with great 
speed, then suddenly almost cease. Studies with 
radioactive P have suggested that, contrary to 
older beliefs, the only P normally excreted into 
the gut is that which forms a part of the intestinal 
secretions. Our observations on the distribution 
of injected P do not indicate any sustained ability 


of the gut to adjust its excretion of P to the 
presence of acute hyperphosphatemia, and are 
entirely consistent with a negligible increase in 
excretion into the gut. 

The results of the attempt to alter the diurnal 
P tide by reversing the hours of sleeping and wak- 
ing are not easily explained in their entirety. 
The initial fall in the excretory rate of P upon 
rising in the early evening, after an afternoon’s 
sleep, is similar to that observed in the midmom- 
ing hours folloudng a customary sleep during the 
previous night. This decrease may be related to 
the increased muscular tone and muscular activity 
attendant upon waking life (12). The later, long 
continued reduction of P excretion, -with a re- 
versal of normal waking and sleeping hours, has 
no counterpart in the normal diurnal pattern of 
P excretion. Had the normal tide been com- 
pletely reversed, or had the usual excretory pat- 
tern persisted, a high rate of excretion of P 
behveen midnight and 7 a.m. would be expected. 
Ingestion of food and recovery from exercise, the 
commonest means of producing a fall in the renal 
excretion rate of P, were excluded by the condi- 
tions of the experiment. Although no adequate 
explanation is available, it is apparent that diurnal 
variations in P excretion are not entirely attributa- 
ble to the transition from a state of sleep to one 
of wakefulness. 

The changes in senim P concentration and renal 
excretion rate of P in the diabetic subjects follow- 
ing food and insulin confirm the findings of other 
workers (13 to 16). The increased renal excre- 
tion of P in certain normal subjects folloiving 
the ingestion of food appears to support the con- 
tention that a decrease in the excretion of P does 
not invariably follow the administration of car- 
bohydrate (17 to 22). The value of this evidence 
is, however, lessened by the fact that the meals 
are not purely carbohydrate in composition, and 
that therefore an unknown amount of fat was 
ingested along with the carbohydrate. 

CONCLUSIONS 

(1) The rate of urinary excretion of P in than 
under normal circumstances does not depend pri- 
marily on the concentration of P in the serum, 
although it may be influenced by changes in the 
latter. 

(2) Following the intravenous injection of 
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large amounts of neutral isotonic sodium phos- 
phate solution in normal man, the rate of urinary 
excretion of P is mainly determined by the con- 
centration of P in serum. 

(5) Injected P is distributed through a greater 
volume than that of the extracellular fluid. 

REFERENCES 

1. Schultz, L, Phosphorus in the blood and urine: a 

study of the excretion and retention of phosphorus 
in a normal subject and in patients with renal dis- 
ease. Ann. Int. Med., 1930, 3, 667. 

2. Fiske, C. H., and Subbarow, Y., The colorimetric de- 

termination of phosphorus. J. Biol. Chem., 1925, 
66, 375. 

3. Lavietes, P. H., Anaerobic ultrafiltration. J. Biol. 

Chem., 1937, 120, 267. 

4. Winkler, A. W., and Parra, J., The measurement of 

glomerular filtration. Creatinine, sucrose and urea 
clearances in subjects without renal disease. J. 
Clin. Invest., 1937, 16, 859. 

5. Haldane, J. B. S., Wigglesworth, V. B., and Wood- 

row, C. E., Effect of reaction changes on human 
inorganic metabolism. Proc. Roy. Soc., Lond., 
1924, 96, Series B, 1. 

6. Goadby, H. K., and Stacey, R. S., On the action of 

parathormone. Biochem. J., 1934, 28, 2092. 

7. Addis, T., Meyers, B. A., and Bayer, L., Regulation 

of renal activity. XL Rate of phosphate excretion 
by the kidney. The effect of variation in the con- 
centration of phosphate in the plasma on the rate 
of phosphate excretion. Am. J. Physiol., 1925, 72, 
125. 

8. Adolph, E. F., The chemical sensitiveness of the kid- 

neys. Am. J. Physiol., 1925, 74, 93. 

9. Fay, M., Behrmann, V. G., and Buck, D. M., The 

parathyroids and the clearance of inorganic phos- 
phate. Am. J. Physiol., 1942, 136, 716. 

10. Pitts, R., Excretion of urine in the dog. VII. In- 
organic phosphate in relation to plasma phosphate 
level. Am. J. Physiol., 1933, 106, 1. 


11. Smith, P. K., Ollayos, R. W., and Winkler, A. W., 

Tubular reabsorption of phosphate in the dog. J. 
Clin. Invest., 1943, 22, 

12. Kleitman, N., Studies of the physiology of sleep. 

Effect of muscular activity, rest, and sleep on the 
urinary excretion of phosphorus. Am. J. Physiol., 
1925, 74, 225. 

13. Bose, J. P., and De, U. N., Relation of inorganic 

phosphate to carbohydrate metabolism in normal 
and diabetic subjects. Indian J. M. Research, 
1939, 26, 645. 

14. Briggs, A. P., Koechig, I., Doisy, E. A., and Weber, 

J., Some changes in the composition of blood due 
to the injection of insulin. J. Biol. Chem., 1924, 
58, 721. 

15. Sokhey, S. S., and Allan, F. N., The relation of phos- 

phorus to carbohydrate metabolism. I. The time 
relations of changes in phosphorus excretion caused 
by insulin and sugar. Biochem. J., 1924, 18, 1170. 

16. Wigglesworth, V. B., Woodrow, C. E., Smith, W., 

and Winter, L. B., The effect of insulin on the 
blood phosphate. J. Physiol., 1923, 57, 447. 

17. Bachmann, G., Haldi, J., Ensor, C., and Wynn, W., 

The effects of the ingestion of glucose and of 
fructose on the rate of excretion of urine and 
various constituents. Am. J. Physiol., 1938, 124, 
77. 

18. Blatherwick, N. R., Bell, M., and Hill, E., Some 

effects of insulin on carbohydrate and phosphorus 
metabolism of normal- individuals. J. Biol. Chem., 
1924, 61, 241. 

19. Bolliger, A., and Hartman, F. W., Observations on 

blood phosphates as related to carbohydrate me- 
tabolism. J. Biol. Chem., 1925, 64, 91. 

20. Harrop, G. A., and Benedict, E. M., Participation of 

inorganic substances in carbohydrate metabolism. 
J. Biol. Chem., 1924, 59, 683. 

21. McCorvie, J. E., Studies on the morning alkaline tide 

of urine in normal persons and in patients, with 
nephritis. J. Clin. Invest., 1925, 2, 35. 

22. Reiser, R., Phosphorus changes during the absorption 

of oil and glucose. J. Biol. Chem., 1940, 135, 303. 



STUDIES WITH RADIOACTIVE DI-AZO DYES. 11. THE SYNTHESIS 
AND PROPERTIES OF RADIOACTIVE DI-BROM TRYPAN 
BLUE AND RADIOACTIVE DI-BROM EVANS BLUE " 

By LESTER H. TOBIN and FRANOS D. MOORE 2 

{From the Collis P. Huntington Memorial Laboratories, and the Surgical Services of the 
Massachusetts General Hospital, Boston) 

(Received for publication August 3, 1942) 


Investigations from these laboratories (1, 2) 
deal with the accumulation of radioactive di-brom 
dyes in abscesses and tumors. The radio-dyes 
are also useful for studies of capillary permeability 
in so far as their permeation from blood into 
lymph, too slight to be detected visually in the 
normal animal, may be quantitatively measured 
on samples of lymph (3). Dyes of this group 
make a bond with plasma protein (4), becoming 
preferentially associated with albumin, and they 
therefore constitute a radioactive "tracer” for 
protein imder certain experimental conditions. 

In view of the interest attaching to such mat- 
ters, as well as the fact that a large group of 
chemically related but biologically highly varying 
compounds — the di-azo dyes — may be made radio- 
active by this technique, the present paper wll de- 
scribe the method used in rendering the molecule 
radioactive. Chemical and biological properties 
of the brominated dyes will also be discussed. 

The molecule is made radioactive by the in- 
corporation of two atoms of radioactive bromine 
in the di-phenyl portion of the molecule (Figure 
1). Bromine atoms, so incorporated into an 
aromatic ring, do not ionize or dissociate. Thus 
in using the radio-dye for "tracer” experiments, 
measurements for radio-bromine constitute meas- 
urements for the dye molecule as a whole. 

The steps involved in this synthesis are as 
follows : 

1. The production of radioactive bromide. 

2. Oxidation to radioactive bromine. 

3. Bromination of ortho-tolidine. 

4. Coupling of this radioactive di-brom tolidine 
with an amino-naphthol-sulfonic acid to make the 
•finished dye. 


DETAILS OF SYNTHESIS 
1. Production of radioactive bromide 

We have investigated the production of radio-bromide 
for this sjTithesis by three methods: the deuteron bom- 
bardment of selenium or sodium bromide, and the neutron 
bombardment of ethyl bromide. The latter method has 
been found to be the most satisfactorj’ because it produces 
large total activities at a high specific activity, both fac- 
tors being important for such a synthesis as this. 

From 20 to 40 kgm. of ethyl bromide® are placed by 
the cyclotron in such a fashion as to secure maximum 
surface exposure to the neutron beam. The neutron 
beam, in our experience, has been the secondary result of 
deuteron bombardment of other elements, beryllium yield- 
ing the greatest neutron-intensity. An amount of activity 
adequate for these purposes lies in the range of 5 to 8 
me.,"* and will produce a dye which is useful in animal 



Fig. 1. The S-tructueai, Formula of Tr^tan Blue, 
Showing the Points at Which Radio-Bromine Atoms 
ARE Incorporated into the Molecule to Render It 
Radioactive 


^ This is reprint No. 563 of the Harvard Cancer Com- 
niission. 

® Fellow in the Medical Sciences, National Research 
Council. 


® Other organic bromides such as bromoform or tetra- 
bromethane, may be used instead of ethyl bromide. 

* As used here, the term me. (milli-curie) and pc. 
(micro-curie) represent an arbitrary correlation with the 
radiation emitted from a uranium standard. One pc. 
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experiments for about one week after s)mthesis. Such an 
amount of activity may be produced by the deuteron 
bombardment of beryllium on a probe target, at 2S0 to 
300 micro-amperes, in about 5 hours. Using an external 
beryllium target as the neutron source, bombardment at 
35 to SO micro-amperes, for about 7 hours, is sufficient. 
The half-life of Br” is 34 hours. 

The organic bromide is then extracted in a large separa- 
tory funnel with half its volume of water, three extrac- 
tions being sufficient to secure a large proportion of the 
extractable radioactivity. The water extract contains the 
active Br atoms (5, 6). The extract is made alkaline to 
litmus and then concentrated to a small volume (100 to 
200 cc.) by boiling. 

2. Oxidation to elementary bromine 

The concentrated aqueous extract is then transferred 
to the pot of a small distilling apparatus, the two traps 
of which are immersed, respectively, in ice-watef and in 
dry ice (in a carbon tetrachloride-chloroform bath). 
The bromide is oxidized by the dropwise addition of a 
suspension of Mn 02 in H^SOi, and the resultant bromine 
condensed and recovered in the two traps, the majority 
remaining in the first trap, layered beneath water. About 
1.0 to 1.5 grams of Br- are distilled, this amount being 
the result of hydrolysis of the ethyl bromide, the active 
atoms alone naturally constituting only an extremely small 
weight of bromine. 

3. Bromination of ortho-iolidine 

One gram of ortho-tolidine (3,3' di-methyl benzidine), 
recrystallized from toluene or xylene, and dissolved in 
75 to 100 cc. of glacial acetic acid, is placed in a 250 cc. 
three-necked flask. The flask is fitted with a stirring 
motor, a dropping funnel for the addition of the bromine, 
and a lead-off to a gas trap. 

The radio-bromine is removed from the traps of the 
distilling apparatus by washing with glacial acetic acid, 
and this solution is added slowly to the three-necked flask 
containing the o-tolidine solution. The latter immediately 
turns a dark greenish-purple as the bromine is added. If 
any bromine beyond that obtained from the distillation is 
needed to make up a 10 per cent excess, it is now added, 
and stirring is continued for an hour. The flask is heated 
to 85° C. in a water-bath to complete the reaction. The 
resultant suspension is cooled and transferred to a 500 cc. 
Erlenmeyer flask, and a small amount of SnClj added 
slowly, with shaking. This reduces the excess bromine to 
bromide, and changes the green suspension to a white 
crystalline precipitate in a clear supernatant. The volume 
is made up to about 50O cc. with water and the flask is 
cooled for two hours. 

The radioactive di-brom o-tolidine (5,5 di-brom, 3,3 
di-methyl benzidine) is then collected by filtration, washed 
with 50 per cent acetic acid, and with water, and then 


of Br“ by this method gives in the vicinity of 1.5 X 10‘ 
counts per minute on our Geiger counter, under the geo- 
metric conditions we employ. 


dried. The product is a grayish powder with a melting 
point of 195 to 195.5° C, conforming to a previous de- 
scription in the literature (7), and may be used without 
further crystallization. The yield is 85 to 90 per cent 
of the theoretical, on the basis of tolidine. 

The precipitation of this product from a large volume 
of water, and the thorough washing with water, eliminate 
any radioactivity in the precipitate which might be due to 
water soluble forrns of the isotope, i.e. bromide ion. 

Successful runs of this bromination have been carried 
out with as little as 0.15 gram of o-tolidine. 

4. Conpling 

The coupling of the radioactive di-brom tolidine with 
an amino-naphthol-sulfonic acid involves three substituent 
steps (8). 

c. Hydrochloride formation. The dried, ground, di- 
brom tolidine is dissolved in toluene. Dry HQ is bubbled 
through this solution until no further precipitate forms. 
This is collected by filtration, washed with toluene and 
ether, and dried. The yield of amine hydrochloride is 
90 per cent of the theoretical. 

■ b. Diazotization. All of the hydrochloride is suspended 
in 150 cc. of water in the presence of four equivalents 
of HQ, stirred, and cooled to 0 to 15° C. A solution of 
NaNOj, slightly in excess of the calculated amount (two 
equivalents), in 10 cc. of water, is run in rapidly. A 
deep greenish-blue color appears as the diazonium salt is 
formed. Throughout diazotization, an excess of both 
HCl and NaNOj should be maintained. The solution is 
stirred for one-half hour and then about one gram of urea 
is added to decompose excess HNOj. 

c. Coupling. In a beaker, a paste is made of the acid 
to be used for the coupling, consisting of two equivalents 
in about 50 cc. of water. “H-Acid” ( 1 -amino, 8-naphtho!, 
3,6-di-sulfonic acid) is used for radioactive di-brom try- 
pan blue; “Chicago acid” (l-amino,8-naphthol, 2,4-di- 
sulfonic acid) is used for radioactive di-brom Evans blue. 
“Chicago acid” is more water-soluble than “H-Acid” and 
solution of the latter is affected by adding one equivalent 
of NaOH in 10 cc. of water, testing with litmus to be 
sure that the solution is still acid. In computing the 
weight of acid to be used, account is taken of the fact 
that the technical grade of the acids is only 88 per cent 
pure. 

The solution is cooled to below 15° C. ; 4.0 grams o 
anhydrous sodium carbonate are added to make the so u- 
tion alkaline. With vigorous stirring, the diazonium sa t 
is run in rapidly and the solution turns a deep purp c. 
After one-half hour of stirring, the solution is tested or 
alkalinity and more Na-Coj is added if necessary. 

At this point, the solution will approximate 200 cc. o ^ 
a 1.5 per cent solution of radioactive brom-dye. It ma> 
be partially purified by dialysis against running tap water. 
However, it is more desirable to precipitate the dye an 
make up the solution for injection from pure, dry dye. 

This precipitation may be carried out by adding 
grams of sodium acetate for each 100 cc. of the dye so u 
tion, heating to 85° C. and centrifuging while hot. the 
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precipitate is dried overnight at 100® C. and freed of 
acetate by repeated wasliings with small amounts of hot 
95 per cent alcohol until the washings arc acctatc-frcc by 
test with a drop of H-SO,. 

A more satisfactor}’ method consists in concentrating 
the dye-solution by boiling, to a volume of SO to 100 cc. 
Absolute alcohol is then added to a final concentration of 
90 per cent. The dye is only sparingly soluble in this 
strength of alcohol and may be centrifuged. This sedi- 
ment is dried in the oven, the resultant cake is ground up 
in a mortar and a 1 per cent solution made. 

COMMENTS 

1. Tiwc consumed 

In tlie ssTithesis of a radioactive compound con- 
taining a 34 hour isotope, the time element be- 
comes of prime importance. In our experience, 
the solution of pure dye, ready for animal injec- 
tion, may be obtained in 24 to 36 hours from the 
time the radio-bromide is received from the cyclo- 
tron. The dye is then useful for about one week 
for animal experimentation involving determina- 
tions of radioactivity in tissues or body fluids. 

2. Radioactivity 

The strength of the dry dye at the time it is 
obtmned is in the order of 0.5 /ic. per mgm. This 
is such that 0.00025 mgm. may be measured on 
the counter, an amount well below the visible 
range. Higher activities are obtainable wdth 
longer bombardments, or by bombarding larger 
amounts of organic bromide. 

Radioactivity measurements may be made on 
counter or electroscope, the latter instrument 
being better adapted for the stronger samples. 
The technic for measurement in tissues or in the 
intact animal is described in other publications (1, 
2) . Body fluids containing the dye may be meas- 
ured directly by drying the sample in a small 
receptacle which can be placed imder the detection 
instrument in a standard fashion. Care must be 
taken to use the same amount of fluid for each 
measurement in a series so as to avoid errors due 
to self-absorption. For tissue measurements, or 
where varying amounts of fluid are to be used, a 
calibration curve may be made to correct for 
self-absorption. 

3. Properties of the dye 

If an organic compoimd is rendered radioactive 
by the addition of an extraneous element for pur- 


poses of biological investigation, it is essential that 
the radioactive compound have the same biological 
properties as the non-radioactive compoimd one- 
wishes to study. In this case, it is important to 
contrast the chemical and biological behaviour of 
the brominated dyes with their non-brominated 
counterparts, trypan blue and Evans blue (T- 
1824). 

Colloidal di-azo acid dyes of this group exhibit 
the following biological properties : 

First, slow disappearance from the bloodstream ; 
second, slow or negligible appearance in lymph, 
urine, and cerebrospinal fluid, under normal con- 
ditions; third, accumulation in areas of inflamma- 
tion and neoplasia ; fourth, uptake by the reticulo- 
endothelial system; and, fifth, staining of certain 
other cells, such as the tubular epithelium of the 
kidney. 

These biological properties are, in turn, re- 
lated in some manner to the following physico- 
chemical properties : 

First, the dyes are of a colloidal character in 
aqueous solution. They are non-diffusable, and 
Congo red, for example, has a particle-size (9) of 
around 13 A, considerably larger than one would 
expect from the molecular weight of around 700. 
Second, the charge on the colloidal particle is 
negative (10). In contrast, positively charged 
dyes, such as Bismarck browm, act quite differ- 
ently in the organism. Third, they combine with 
plasma and other body proteins, through acidic or 
basic attaching groups or adsorption (12). And, 
fourth, they possess a hydrophobic-hydrophilic 
molecular configuration of the type shown by 
Hober (11) to be associated with active transfer 
in living cells. 

The 'brominated dyes herein discussed exhibit 
the following comparable properties : 

1. The brominated dyes are colloidal in aqueous 
solution, both as evidenced by their relative non- 
diffusibility through cellophane membranes, and 
their conduct on attempts at filtration. The rate 
of difltusion of the dye through cellophane is in the 
order of 3 to 6 per cent in a 24-hour period. 
Under the experimental conditions employed, this 
« the same order of magnitude as trypan blue and 
Evans blue. When the dye is in concentrations of 
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1.0 per cent or higher, it is virtually unfiltrable, 
using ordinary suction filtration apparatus. 

2. The charge on the colloidal particle was de- 
termined by placing a drop of the dye in an elec- 
tric field in a simple apparatus such as that de- 
scribed in Burrows (10). The charge on the par- 
ticle in the case of the two brominated dyes is 
negative. 

3. The dye-protein bond is a matter which has 
until recently been the subject of little study. 
Chapman, Greenberg and Schmidt (12) titrated 
dyes against proteins and showed the union to be 
chemical (rather than adsorptive) in nature, and 
stoichochemical in proportion. Rawson’s recent 
work (4) has cast more light on this field. She 
has kindly carried out tests with our dyes by the 
Tiselius technique, and by using ultracentrifuga- 
tion and a cellophane-staining test which she has 
devised.® She finds that the bromp-dyes, like 
their non-brominated counterparts, migrate pre- 
ferentially with albumin if the concentration in 
plasma is in the vicinity of 0.05 per cent or lower. 
The bromo-dyes are less soluble in water than the 
non-brominated dyes and stain cellophane to a 
greater extent. 

4. Hober (11) has shown that mono-azo dyes, 
possessing a structure characterized by a water- 
soluble “head” and a water-insoluble “tail,” have 
properties in regard to active transfer in living 
cells not shared by dyes in which both ends of the 
molecule are either water-soluble or lipoid-soluble. 
Trypan blue and Evans blue possess this struc- 
ture, the di-amine portion of the molecule being 
hydrophobic, and the sulfonic-acid-salt, hydro- 
philic. The brominated dyes likewise share this 
property, the bromine on the amine rendering it, 
if anything, less soluble in water. 

5. The addition of two bromine atoms produces 
a dye which is more red than the non-brominated 
dyes. This is associated with a shift of the peak 
absorption from 630 m/x. for Evans blue (13) to 
545 m/x. for di-brom Evans blue, and from 600 
m/x. for trypan blue (13) to 550 m^. for di-brom 
trypan blue. Di-brom Evans blue also shows a 
color-change with pH at about 8.0. On the alka- 
line side of this point the dye is quite red, on the 
acid side, purple. Di-brom trypan blue shows 
color intensification with addition of small 

5 The authors wish to express their thanks to Dr. 
Rawson for carrying out these studies. 


amounts of either acid or base, with a sharper 
absorption peak.® 

6. Dialysis experiments demonstrate that a red 
component dialyzes through cellophane more 
rapidly than the purple color comprising the main 
portion of the dye. This red component is per- 
haps analagous to the “red impurity” found in 
trypan blue or unpurified Evans blue (13). This 
red substance, however, is both colloidal and 
radioactive and may result from the coupling of 
the di-brom tolidine with an oxidation-product of 
the sulfonic acid. 

SUMMARY 

(1) The synthesis of radioactive derivatives of 
trypan blue and Evans blue is described. 

(2) The physico-chemical and biological prop- 
erties of the brominated dyes are discussed. 

(d) A means of studying the m vivo conduct of 
colloids of this group is offered, as well as a 
means of “tagging” plasma protein. 

The authors wish to express their gratitude to Pro- 
fessor Louis F. Fieser for suggestions as. to the best 
mode of synthesizing the dye ; to Dr. Baldwin Curtis and 
the Cyclotron Staff of Harvard University, and to Pro- 
fessor Robley D. Evans and the Cyclotron Group of the 
Massachusetts Institute of Technology, for providing us 
with radio-bromine. 
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In a previous communication (1), the concen- 
tration of radioactive di-brom trj-pan blue in ani- 
mal abscesses was described. The study was un- 
dertaken with the underijing concept that such a 
radioactive substance might provide a method for 
diagnosing the presence and exact location of in- 
flammatorj' lesions. 

An investigation of the potential usefulness of 
these radioactive colloids as a means of internally 
radiating tumors wilt be described in the present 
paper. In so far as such usefulness will primarily 
depend on differential uptake of the radioactive 
substance by tumor tissue, our initial approach to 
this subject has been the study of uptake, rather 
than any attempt to gain a therapeutic effect. 
The dosage of radioactivity necessary to study 
tissue uptake of a radioactive substance is consid- 
erably below that necessary to gain a therapeutic 
effect in tumors. 

As early as 1909, when Goldmann (2) imder- 
took a study of the biological reactions of certain 
colloidal dyes, it was noted that tumors appeared 
to take up the dyes in some concentration. At 
that time, interest was centered chiefly on histo- 
logical staining by the “vital stains” (of which the 
di-azo dyes are examples), and the dyes were 
administered subcutaneously in large and repeated 
doses. These circumstances, as is well known, are 
not conducive to the observation of maximal selec- 
tive staining of any organ or tissue because the 
animal is so flooded with the dye that all tissues 
which take it up to any extent show maximal 
coloration. 

Weil (3), Marsh and Simpson (4), and Lud- 
ford (5) continued research in this field, and de- 
scribed selective staining of tumor tissue, espe- 

" This is reprint No. 564 of the Harvard Cancer Com- 
mission. 

^Fellow in the Medical Sciences, National Research 
Council. 


dally the periphery of necrotic zones, wdth trypan 
blue. Ludford was of the opinion that the dye 
caused necrosis of the cells which excreted it, and 
w’as therefore interested in the possibility of pro- 
dudng regression in the tumors. He observed no 
such effect, however. Most observers agreed that 
healthy growing tumor cells did not take up the 
dye, but that cells of diminished viability or cells 
in frankly necrotic areas were diffusely stained. 
In the growing zones of the tumor, only the 
phagocytic cells of the stroma show'ed droplets of 
intracellular dye. 

These observations lead to . two conclusions 
about the mechanism of uptake of these dyes which 
are important for such a study as this. First, that 
tmnors with large amounts of connective tissue 
stroma might be expected to take up more dye 
than others, due to the presence of more phago- 
cytes. Secondly that tmnor-uptake may be deter- 
mined by a balance beUveen blood-supply and 
necrosis in so far as necrotic cells are stained, yet 
the central areas of necrosis, out of touch with the 
blood supply, cannot take up the blood-home 
colloid. 

In 1939, Duran-Rej-nals' (6) revived interest in 
this subject by showing that under the proper con- 
ditions, the tumor may appear by coloration to 
have taken up the majority of the d 3 'e in a highly 
selective fashion. He w^as also the first to experi- 
ment in tumors with Evans blue, which he found 
accmnulated in the tumors to a greater extent than 
tiypan blue. He observed no therapeutic effect 
even in large doses, and foimd maximal selective 
staim'ng with doses around 0.1 to 0.5 mgm. in 
mice. Hess (7) corroborated this w'ork and ex- 
perimented with a niunber of other dyes. 

The concept of treating human tumors with 
colloidal dyes dates back to the work of Roosen 
(8) and Bernhardt (9) who injected them into 
human patients. In 1939, stimulated by interest 
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in the more selective concentration described by 
Duran-Reynals (6) for Evans blue, Brunschwig, 
Schmitz, and Clarke (10) did a careful study of 
the accumulation of this dye in human tumors. 
They reported selective staining of the tumor tis- 
sue in 20 out of 30 malignant neoplasms, with 
non-staining of benign tumors and chronic in- 
flammation. They report no correlation between 
histological type and ability to localize the dye. 
Their doses were in the neighborhood of 1 mgm. 
per kgm. An attempt to increase the permeation 
of dye into tumor by locally increasing capillary 
permeability through the use of histamine gave 
indifferent results ; they report very little staining 
of internal viscera. No therapeutic effect was ob- 
served or, indeed, expected, as these authors were 
aware of the non-toxic nature of Evans blue for 
tissues. 

Since 1940, Zahl and his co-workers (11 to 14) 
have focussed interest on the possibility of using 
such dyes as a means of localizing slow neutron- 
capturing elements (boron, lithium) in tumors 
and thus radiating the tissue. They used lithiated 
dyes, derivatives of trypan blue and others of the 
di-azo acid group. These dyes were evidently 
made simply by substituting lithium for sodium 
as the base in the sulfonic-acid-salt, i.e. the dyes 
were lithium salts rather than sodium salts of 
their respective sulfonic acids. These authors re- 
port accumulation of lithium ion alone (injected 
as lithium chloride) in tumors to the same order 
of magnitude as the lithium of the lithium-dye 
complex. This defect in the method probably 
arises from the fact that the lithiated dye is merely 
a highly dissociated salt, the dye molecule thus 
not being a determinant of the lithium distribu- 
tion. Indeed, the authors find no correlation what- 
ever, after a few hours, between the color-content 
and the lithium content of the tumor tissue. This 
is clear evidence in itself that the dye is not deter- 
mining the distribution of the lithium, but instead 
the two are assuming distributions of their own. 
Because of these facts, we have taken care to see 
that the radioactive isotope in the molecule of the 
dye is firmly attached to the rest of the molecule 
and does not dissociate or ionize in solution. 
Zahl and his group speculate on the usefulness of 
dyes made radioactive by the inclusion of active 
isotopes in the molecule, but they do not report 
work with such dyes. 


It is our desire to report, in this paper, work on 
mouse tumors using radioactive di-azo dyes, made 
active by the introduction of two atoms of radio- 
bromine into the molecule. A description of the 
synthesis is given in a previous publication (IS). 

EXPERIMENTAL PROCEDURE 

These studies on the distribution of radioactive di-brom 
trypan blue and radioactive di-brom Evans blue are based 
on the iniection of these dyes into approximately 65 mice 
and the measurement of the concentration of the dye in 
organs and tissues by radioactivity detection methods. 
The mice used were of various pure strains, CjH, Cn, 
Strain A and BBC.® The tumors studied were spon- 
taneous mammary carcinomas in the CjH, and trans- 
planted tumors of a wide variety of types: neurofibro- 
sarcoma, ovarian embryoma (16), rhabdomyosarcoma, 
and sarcomata induced by carcinogens. The tumors 
varied widely in size and degree, of necrosis. An effort 
was made to study a variety of tumors with the idea that 
certain tumors might be found which would accumulate 
the radioactive colloid to a greater extent than others. 

The dose of dye used was in the range of 1 to 5 mgm. 
per mouse. The radioactivity contained in this amount 
of dye varied widely from 0.07 fic.* to 1.2 ftc. This quan- 
tity of radioactivity is undoubtedly below the therapeutic 
level except for the most sensitive of tumors, and it must 
be emphasized that our studies were an attempt to study 
the uptake of the dye rather than to achieve a therapeutic 
effect. The amount of radioactivity’ per unit of dye is a 
function not only of the original peak strength of the 
radiobromine as produced on the cyclotron but also of 
the length of time during which the Br” has, had an 
opportunity to decay, at the rate of 50 per cent over 34 
hours. 

The dye was injected intravenously, either in the tail 
vein or in the femoral vein, in most animals. Other 
routes of administration were studied but offered no ad- 
vantages over the intravenous route. The mice were 
then killed at intervals from 3 to 78 hours. The tissues 
were excised, weighed, and aliquots, weighing around 0.5 
gram, oxidized with concentrated nitric acid in a Coors 
porcelain ashing capsule, on the steam bath. One-half cc. 
of acid is used for each 0.5 gram of tissue, and 0.5 cc. 
of 0.15 M AgNOs is added to guard against the loss o 
activity by volatilization of Br^ or HBr. The radio- 
activity in the resultant residue at the bottom of the 
porcelain capsule is then measured by means of a Geiger 
counter. 

a The "BBC” is an inbred descendant of the hybrid 
BBC mice obtained from Roscoe B. Jackson Laboratories. 

< The unit jtic. (micro-curie) as used here represents an 
arbitrary correlation with the radiation emitted kom a 
uranium standard. One tie. of Br*’ is defined as t a 
amount giving the same number of counts per minute as 
a standard amount of uranium under the standard geo 
metrical conditions used on our counter. This amounts o 
about 1.5 X 10* counts per minute. 
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0.69 

0.26 


2.27 

1.72 
1.86 

1.23 , 

2.67f 
2.08 

2-74 per cent 
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studies based on color alone have not ascertained 
the large excretion by this route. 

By the end of 24 hours, the blood concentration 
is quite low as compared with determinations at a 
shorter interval after injection. Because of this 
fact, the animals described in the tumor experi- 
ments were not killed by bleeding, but the tissues 
were measured with the blood content in them, 
the blood concentration altering the tissue reading 
very little. 

The central nervous system shows the least con- 
centration of dye in any tissue and cerebrospinal 
fluid likewise shows little or no dye, as observed 
in other experiments in dogs (17). These meas- 
urements corroborate previous observations based 
on color. 

Distribution with respect to tumors 

The results of tumor experiments are shown in 
Tables II and III. Only experiments in which 
the dye was administered intravenously are in- 
cluded in these tables. All figures are shown in 
the corrected '‘per cent per gram" mode of expres- 
sion, permitting direct comparison between the 
tumor and tissue concentrations of various mice. 
Only figures for concentration are given in the 
tables and not the total uptake; because it is the 


concentration of a radioactive substance in tissue 
^ which determines the intensity of the radiation to 
the cells. The relationship of total uptake in tu- 
mors to total uptake by other tissues is shown in 
Figure I. 

The weight of the tumor, in per cent of the ani- 
mal’s body weight, is included in the tables be- 
cause, in general, any tumor over 7 per cent of the 
animal's body weight may be expected to show 
areas of necrosis ; any tumor over 15 per cent will 
have large areas of necrosis which may contain 
some fluid. There is no observable correlation 
between size of tumor and acute hemorrhagic 
necrosis, however. Mice with very large tumors 
are usually cachectic in appearance and may show 
anomalous distribution of dye, frequently a low 
liver concentration suggesting impaired liver func- 
tion. 

The duration of the experiment is indicated in 
hours from injection of the dye to the death of the 
animal. In most cases, the animals were killed; 
a few mice with' large tumors died in from 3 to 
36 hours and in that case, this interval is con- 
sidered the duration of the experiment. Mice 
dying rapidly from too large injections of dye are 
not included in the protocol. 

The ratio of tumor concentration to liver con- 


TABLE II 

Concentration of radioactive di-brom trypan blue in tissues of tumor-bearing mice 


Breed of 
mouse 

Type of 
tuniort 

Size of 
tumor 

! 

Dose 

Duration 

Concentration of dye 

Tumor 

Liver 

Kidney 

Spleen 

Muscle 

Tumor/ 

liver 

ratio 

non 

n 

H 

per cenl 

4.7 

8.2 

4.3 

mgm. 

5.0 

5.0 

3.0 

hours 

3 

31 

30 

2.37 

2.80 

2.91 

16.7 
20,4 
18.1 j 

per cenl : 

7.67 
9.40 
7.10 , 

I 

per gram* 
3.12 
6.50 
7.45 


0.14 

0.13 

0.16 

Averaee tumor concentration in SMC = 2.69 per cent per gram. Average tumor/liver ratio = 0.14 ^ 

C,H i 

C,H 

CsH 

C,H 

CiH 

OVT 

OVT 

OVT 

OVT 

OVT 

8.7 

1.0 

10.5 

4.8 

1.3 

2.5 

3.0 

2.5 

2.0 

5.0 

12 

27 

29 

31 

78 

! 

3.61 

3,02 

5.06 

3.06 
1.46 

21.2 

19.7 

1 14.9 

12.0 
18.5 

1 6.26 
4.32 
7.14 
5.75 
6,25 

5.77 
i 5.16 
5.57 
6.00 
3.34 

3,94 

1.67 

3.07 

0.38 

0.17 

0.15 

0.34 

0.25 

0.07 

A 

verage tumor concentration in OVT = 3.24 per cent per gram. Average tumor/liver ratio - 0.20 ^ 

CiH 

NFS 

8.1 

3.0 

1 

12 

12.7 

20.3 

19.6 

10,9 

2.13 

0.62 


bryoma; NFS, transplanted neurofibrosarcoma, i I 
* Per cent of injected dose per gram of tissue. 
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TABLE HI 

Concentration of radioactive di-brom Evans blue in tissues of tumor-bearing mice 


Breed of 
mouse 

Type of 
lumort 

SiJe of 
tumor 

Dose 

Duration 

Concentration of dye 

Tumor 

Liver 

Kidney 

Spleen 

Muscle 

Tumor/ 

liver 

ratio 



fer cent 

min. 

hours 



fer cent per pan 



C,H 

o\nr 

10.0 

2.5 

3 

2.61 

8.71 

7.31 

5.00 


0.30 

CiH 

OVT 

11.0 

5.0 

19 

6.15 

6.46 

5.10 

3.12 


0.95 

C.H 

OVT 

10.0 

5.0 

19 

2.92 

7.20 

8.10 

7.86 



C.H 

OVT 

12.7 

2.5 

21 

2.82 

11.6 

1.16 

4.16 

1.00 

0.24 

C,H 

ovt: 

1.8 

2.5 

21 

2.82 

11.6 

1.16 

4.16 

1.00 

0.24 

C,H 

OVT 

10.0 

2.75 

24 

2.37 

5.33 

8.20 

3.19 

0.43 

0.44 

CiH 

OVT 

10.7 

2.5 

24 

4.22 

7.95 

10.1 

8.10 

0.50 

0.53 


AveraBC concentration in OVT «= 3.42 per cent per gram. Average tumor/liver ratio = 0.44 


C:H 

NFS 

5.7 

5.0 

3 

0.85 

9.06 

6.40 

3.58 


0.09 

C:H 

NFS 

4.0 

5.0 

3 

1.26 

11.3 

10.3 

4.0 


0.11 

CiH 

NFS 

2.0 

5.0 

3 

0.46 

14.0 

2.5 

1.55 


0.03 

CiH 

NFS 

14.0 

3.0 

7.5 

2.12 

9.85 

8.70 

2.88 

2.16 

0.46 

CiH 

NFS 

7.5 

5.0 

12 

3.50 

4.15 

4.31 

1.16 

0.44 

0.84 

C,H 

NFS 

9.3 

2.8 

19 

6.70 

6.90 

6.75 

2.64 


0.97 

C.H 

! 

NFS 

8.6 

5.0 

19 

6.30 

2.92 

7.91 

6.25 


2.16 


Average concentration in NFS = 3.13 per cent per gram. Average tumor/liver ratio 0.66 
Average excluding 3-hour experiments = 4.6S per cent per gram. Average tumor/liver ratio = 1.22 


CrH 

RMS 

10.5 

3.2 

12 

3.40 

5.60 

5.30 

1.97 

0.715 

0.60 

C»H 

RMS 

8.0 

2.5 

12 

2.46 

7.91 

4.20 

2.14 

1.74 

0.31 

CjH 

RMS 

2.5 

2.5 

12 

2.64 

7.00 

11.0 

4.20 

1.56 

0.37 

COf 

RMS 

29.2 

2.5 

24 

1.80 

4.72 

5.10 

2.56 

0.74 

0.38 

CiH 

RMS 

16.0 

2.5 

25 

1.52 

4.67 

2.92 

1.92 

0.44 

0.32 

CiH 

RMS 

17.0 

2.5 

29 

2.21 

7.70 

6.36 


0.791 

0.27 


Average concentration in RMS = 

2.34 per cent per gram. Average tumor/liver ratio 

= 0.38 


BBC 

TMC 

17.0 

2.5 

24 

1.66 

4.02 

4.04 

2.91 



BBC 

TMC 

14.0 

2.5 

24 

2.26 

7.12 

9.84 

4.30 

108 

0.32 

BBC 

TMC 


1.5 

25 

1.55 

10.3 

9.90 

4.76 


0.15 


Average concentration in TMC = 1.82 per cent per gram. Average tumor/liver ratio = 0.29 


CiH 

SMC 

3.8 

3.0 

3 

2.10 

5.12 

4.86 

3.08 

0.68 

0.41 

C*H 

smc 

3.4 

5.0 

12 

2.46 

6.10 

7.35 

3.54 

0.86 

0.40 

C»H 

SMC 

35.0 

3.5 

24 

1.09 






CiH 

SMC 

8.1 

2.75 

24 

3.38 

5.31 

8.50 

3.84 

0.70 

0.63 


Average concentration in SMC = 2.26 per cent per gram. Average tumor/liver ratio = 0.48 


MCAS 

2.8 

5.0 

6 

5.60 

9.23 

8.80 

3.83 

0.46 

MCAS 

14.0 

3.5 

8 

3.06 

lO.O 

6.70 

2.84 

0.94 


Average concentration in MCAS — 4.33 per cent per gram. Average tumor/liver ratio = 0.45 


coma- transplanted ovarian embryoma; NFS, transplanted neurofibrosar- 
cardnoma- transj^nted mammary carcinoma; SMC, spontaneous mammary 

body weight ®^thyI-cho!anthrene induced sarcoma. The size of the tumor is indicatrf in per cent of the animal's 
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(% of dose) 
loa’ 

90- 

80- 

70- 

6C- 

50- 

40- 


DISTRIBUTION OF DI-BROM* EVANS BLUE 


OTHER 
TISSUES 
2% or less each! 


KIDNEYS 

'5PliEEN~ 


MUSCLE 

14% 


BONE 

9% 


SKIN 

11 % 


FECES 

14% 


COLON 

14% 


INTESTINE 
7% 


(at .24 hours) 


TUMOR LEGEND 

OVT = EMBRYOMA OF OVARY (transplant) 

NFS = NEUROFIBROSARCOMA 
RMS = RHABDOMYOSARCOMA " 

MCT = MAMMARY CARCINOMA 

SMC = " " (spontaneous) 


NECROSIS + to -H-H- 


'’%b.w."= TUMOR WT. IN % OF BODY 
WEIGHT. 


OVT NFS OVT RMS MCT RMS SMC RMS RMS 
-H+-H- + 0-H+0 0 0 0 

‘0% >0% 15% 15% 3% 2.5% L5% 

LXXNI, - 7 “. hw bw hw bw bw bw 



[ NORMAL i RANGE OF TOTAL UPTAKE IN TUMORS 


Fig. 1. Total Distribution of Dye at 24 Hours, with Total Uptake of a Representative Group 

OF Tumors for Comparison 


centration is an index of the selectivity of uptake. 
As will be observed in the table, the relationship 
between the two is such that were the animal to 
receive therapeutic radiation by this method, the 
liver would receive a large dose of radiation and 
constitute the chief by-effect of the treatment. 
Any tumor approaching a tumor-liver ratio of 1.0 
we consider to have taken up an exceptionally 
large amount of dye. It will be noted that the 
two dyes show about the same range of uptake m 
tumors. There is considerable variation but most 
of the tumors fall into the 1.5 to 3.5 per cent per 
gram range, and it can therefore be concluded 
that the tumor tissue does not actually take up dye 
to a high order of selectivity. However, the 
tumor/liver ratios are lower on the average for 
di-b'rom trypan blue because of the higher liver 
concentrations. This indicates greater differential 
accumulation in tumors for the Evans blue deriva- 


tive, making it theoretically the more suitable of 
the two for internal radiation by this method. 

This difference between the two dyes, originally 
suggested by Duran-Reynals (6), together wit 
the higher liver uptake by di-brom trypan blue 
(which may be correlated with the faster disap 
pearance rate of trypan blue from plasma observe 
by Gregersen and Gibson ( 18) ) , serves to in 
dicate the delicate adjustment which holds be- 
tween the biological behaviour of these dyes an 
their chemical structure. The two dyes in ques 
tion are isomeric, the only difference being t le 
position of the sulfonate radicals on the naphtba- 
lene rings. Gusberg, Zamecnik, and Aub (1 ) 
report a similar striking difference in distributio 
between two organic di-selenides, one wit an 
one without mercury in the molecule. 

These facts hold out considerable hope tn 
further investigation of radioactive derivatives 
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distribution of the radioactive colloidal dye dem- 
onstrates a widespread gradual uptake from the 
bloodstream by many tissues and organs. Large 
amounts of dye are excreted in the bile and feces 
in the first 24 hours following injection. 

3. In the face of this normally widespread dis- 
tribution, the uptake of dye . by tumors does not 
appear as selective as when judged by tinctorial 
methods alone. 

4. Possible therapeutic effectiveness of a radio- 
active colloid would be increased by agents pro- 
ducing tumor necrosis. 

5. The ideal radioactive colloid for tumor treat- 
ment would be one taken up selectively by tumor 
tissue to a greater degree than those here reported. 

The authors wish to express their gratitude to Dr. 
Baldwin Curtis and the Cyclotron Staff of Harvard 
University, who supplied most of the radioactive bromine 
used in this study. Professor Robley D. Evans and the 
Cyclotron Group at the Massachusets Institute of Tech- 
nology were also of great assistance in this regard. The 
technique for measurement of the tissue radioactivity has 
been worked out with the advice of Dr. Waldo Cohn, 
which we gratefully acknowledge. 
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Fig, 1. The Progressive Retention of Plasma Amino Acid N After Intravenous 
Injections of Casein Hydrolysate in the Dog as Hypoproteinemia Progresses 
The curve marked "normal" represents the reaction while on a normal diet. The curve 
marked “saline” represents the reaction to a control intravenous injection of 5 per cent 
glucose in saline, with a normal diet. 


part played by each of these important organs in 
the deamination and disposition of amino acids, 

PROCEDURE 

Amino acid loading curves were carried out in normal 
controls and in the patients selected for study. In the 
earlier experiments on children 8 to 10 years of age, 40 
cc, of 10 per cent solution of casein hydrolysate, » diluted 
with 40 cc. of 5 per cent glucose in saline, were injected 
to fasting patients within 4 to 5 minutes. Later, when 
small children and infants were included, 2 cc, of the 
hydrolysate per kilo, diluted with an equal volume of 5 
per cent glucose in saline, were given. This represented 
about 12 mgm. amino acid N per kilo of body weight, 
enough to raise the plasma amino acid N level about 
30 mgm. per 100 cc, if no amino acid were removed from 
the plasma. Blood samples were taken before and at 5 
minutes, 15 minutes, 35 minutes, and 95 minutes after the 
completion of the injection. Urea N was determined on 
whole blood. The volume of packed red cells was meas- 
ured and the plasma was analyzed for alpha amino acid 
N ^ and proteins. In addition, in some patients, the 


® Kindly furnished by Mead Johnson and Company. 

* Throughout the paper, plasma amino acid N refers to 
alpha amino acid N as determined by the ninhydrin 
method. 


urinary excretion of end-products of the metabolism of 
casein hydrolysate, given intravenously, was studied. 
When possible, urine was collected so that one or more 
control periods were obtained before the intraverious 
injection and several periods thereafter. Catheterization 
was avoided so urine collections were not always obtained 
at the desired intervals. The urine was analyzed for 
ammonia N, amino acid N, urea N, protein N, and total 
N, and in some instances, the pH was determined^ by 
glass electrode. Methods have been previously described 
(7). From these data, the urea and amino acid clear- 
ances could be calculated. 

A, PLASMA AMINO ACID LOADING CURVES 

Results in normal children- 

The children selected as controls, being con- 
valescent hospital patients, cannot be considered 
ideally normal but clinically they were free from 
obvious liver or renal disease. Casein hydroly- 
sate was injected intravenously and the behavior 
of the plasma amino acids and blood urea was 
observed. The plasma amino acid loading curves 
in 9 normal children are shown in Figure 2 and 
the complete pertinent data from one of them are 
presented in Table I, As examination of the 
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terminations in 30 normal adults and children, 
Farr, McCarthy, and Francis (9) stated that the 
plasma amino acid N values ranged from 3.75 to 
5.56 mgm. per 100 cc. with a standard devdation 
of ±. 0.46. In our hands, using the ninhydrin 
method of Van Siykc ct al. (10), the values for 
45 normal hospital children ranged from 2.92 to 
4.63 mgm. per 100 cc. The mean was located at 
3.60 mgm. per 100 cc. ; the median at 3.53, with 
quartiles at 3.24 and 3.92 mgm. per 100 cc. 

Rcstills in patients svith liver disease and good 
renal function 

Some support was given to the assumption that 
retention of plasma amino acids indicates liver 
injuiy, by studies on 4 patients with portal cir- 
rhosis and unimpaired renal function. The 
clinical diagnosis was verified by microscopic ex- 
amination of liver tissue, obtained cither by biopsy 
or at necropsy. The amino acid loading cur\’es 
in 3 of these patients, included in Figure 2, showed 
a significant delay in clearing the blood of amino 
acids after the injection of casein hydrolysate. 
In the fourth patient, E. M. B., studies carried 
out early in the course of the disease demonstrated 
considerable retention in 35 minutes even though 
the preinjection level was reached in 95 minutes. 
Hence, in all of the patients with portal cirrhosis, 
plasma amino acid retention was noted. 

In a group of 6 patients with hepatomegaly of 
other etiology than cirrhosis, plasma amino acid 
retention was shown in 2 instances. Table IL In 
one case of subsiding acute catarrhal jaundice, 
J. J., the retention was minimal and in one case of 
glycogen storage disease, T. S., there was moder- 
ate retention. To facilitate comparison, other 


conventional liver function tests are presented in 
the table. For the sake of brevity, the data are 
interpreted in qualitative terms. 

Results in patients with nephrosis and good renal 
< function 

Nine patients wth nephrosis ivere studied in a 
similar fashion. With 4 of these patients, one or 
more curves were repeated at intervals as the 
opportunity presented itself. Figure 2 shows the 
amino acid loading curves on patient C. C. in the 
active stage of nephrosis. This patient had 
moderate edema, the serum albumin w'as 2 grams 
per 100 cc. and kidney function, as determined by 
the concentration test and by urea clearance, was 
normal. Four curves made during a period of 
2 months were almost identical, and in all, the 
plasma amino acid level had returned to the 
original level within 95 minutes. 

Another patient ndth nephrosis, R. F., had 
more e.xtensive edema, a serum albumin of 1.6 
grams per 100 cc., and a urea clearance of 113 
per cent of the normal when the studies were 
begun. The complete data from this patient are 
included in Table I. He was under observation 
for one year, without remission of his disease, 
during which the clinical course was progressively 
downhill. The serum albumin fell to 1.1 grams 
per 100 cc., edema increased, and renal function 
suffered progressive impairment. The urea clear- 
ance at the end of the year had fallen to 45 per 
cent of normal. No enlargement of the liver was 
noted. During the year, 8 amino acid loading 
curv'es were made. All were within normal limits 
and at no time was retention of plasma amino 
acids found, in spite of the moderately severe 


TABLE II 


Results of various liver function tests in patients with hepatomegaly. The quantitative tests are 
tnterpreted in a qualitative fashion and to +-{ — 1 — f- indicates deviation from the normal 


Di&gsoQs 

BromsnlWcin 

tolerance 
gooles^ol ratio 
Buirubia clearance 
^aitt^aUoD 

Mid Tttcation 
g^nun tlbmaia 
riobniia 
Bemmbilinibla 


Ilrer fonetion testa 


D,T. 


Cirrhosis 


-f++-f 

4 - 

Xtormal 

3,97 

3.17 

0.78 


E.H. 


Cirrhofis 


++++ 

Normal 

+++ 

2.68 

2.61 

0.60 


T.M 


Cirrhosis 


+++ 


ZA% 

IJSl 

0.82 


E. M. B. 


C^hoM 


Norma! 

Normal 

Normal 

+$+ 

2.15 

0.52 


8. A. 


Hepato- 

megaly 


4 - 


Normal 

+4-4-4 


Normal 

4.16 

4.6 S 

5.82 


P.B. 


Hepato- 

fipleno- 

mcgaly 


++ 

+ 

4 -+ 4 - 4 - 

Korzoal 

4.83 

2.23 

S .56 




Catarrhal 

janndiee 


+ 

+ 

Normal 

+ 

4.70 

2.41 


F.T. 


Diabetes; he- 
patomegaly 

Normal 

Normal 


Normal 

4.24 

2.55 

LOl 


T.6. 


Glycogen 

storage 

disease 

Normal 
■I J I i 
Normal 

+ 

4.50 

3.05 

0.50 


W. J.L 


Glycogen 

^rage 

disease 

Normal 


Normal 

4.27 

2.37 
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Fig. 3. Behavior of Plasma Amino Acid N Before and After 
THE Injection of Casein Hydrolysate in Patients with Impaired 
Renal Function 


impairment of kidney function. Here again it 
was possible to duplicate the curve repeatedly 
during a period of 12 months and the type of 
curve was similar to those found in the control 
group (Table I). Curves on 6 other nephrotic 
patients likewise showed no significant difference 
from those obtained in the controls. The only 
exception observed was in patient J. S. in whom 
slight plasma amino acid retention at 95 minutes 
was observed on one occasion and was not present 
later in the course of his disease. We can con- 
clude from these somewhat limited studies that 
the nephrotic child handles an intravenous load of 
amino acids in approximately the same manner as 
a normal child. 

Results in patients with kidney disease and 
impaired renal junction 

A few tests were carried out on 2 patients with 
clironic glomerulonephritis. Both children had 


been under close observation for many years. 
Neither had ever developed a nephrotic com- 
ponent of the disease, i.e., massive edema or low 
serum proteins with a reversal of the albumin/ 
globulin ratio. In M. H., the urea clearance had 
fallen to 14 per cent, in E. B., to 35 per cent of 
the normal. No enlargement of the liver was 
evident on clinical examination in either patient. 
The amino acid loading curves shown in Figure 3 
did not deviate significantly from the curves ob- 
tained in normal children, which suggests that 
severe kidney injury causes no delay in the clear- 
ance of amino acids from the blood stream after 
an intravenous load. 

Patient D. G.° was first seen on January 13. 

® Whether pure nephrosis exists or is a form of 
glomerulonephritis is an unsettled question and need no 
concern us here. To the writers, nephrosis is a distinc 
entity. A certain number of children with nephrosis 
have clinical glomerulonephritis superimposed, yet no 
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1939, u-ith all the findings indicative of pure 
nephrosis. During the first year, he had numer- 
ous severe infections, namely, 6 episodes of bac- 
teremia and 3 attacks of peritonitis, proven by 
bacterial cultures, from which he recovered with 
relatively short periods of chemotherapy. After 
6 months of obsen’ation, hematuria appeared and 
nitrogen retention developed and persisted, the 
blood urea N being as high as 66 mgm. per 100 
cc. It was thought that glomerular nephritis had 
been superimposed on the nephrosis. Marked 
hepatomegaly and splenomegaly developed. The 
etiologj'^ of the hepatomegaly was not clear but 
one may speculate that lipoid deposition, circu- 
lator}- difficulties, and infection, all took part. 
The first loading cun-e was made on March 4, 

1940, when hepatomegaly was present (Table I 
and Figure 3). The liver edge w-as palpated 5 
cm. below the costal margin and the spleen, 4 cm. 
By this time, the blood urea N had fallen to 23 
mgm. per 100 cc., and the urea clearance %vas 
62 per cent of the normal. Serum albumin was 
recorded as 1.03 grams per 100 cc., and massive 
edema was present. As Figure 3 shows, the 
fasting plasma amino acid N was low in the 
nephrotic range. Following the injection, the 
plasma amino acid N rose sharply to 9.6 mgm. 
per 100 cc., a level much higher than had oc- 
curred in any control, and at 95 minutes, some 
retention persisted. Ten months later, on January 
21, 1941, a second curve was made. Qinically, 
the child had had no severe infections since De- 
cember 8 , 1939, and had been free from edema 
since March 19, 1940. The liver edge could be 
palpated 2 cm. below the costal margin, the 
spleen, 1 cm., and Iddney function had not 
changed. Serum albumin had risen to 4.42 grams 
per 100 cc. The fasting plasma amino acid N 
value was still low, but the rise following injection 
was less marked than that shown on the first 
curve and the final retention was about the same. 
Ten months after the second curve, October 2, 
1941, the liver and spleen were barely palpable 
and physical examination indicated clinical recov- 
ery. However, the blood urea N remained slightly 

all of these patients die in uremia. Some heal com- 
pletely and remain healed, an outcome which is not com- 
patible with a diagnosis of true chronic glomerulonephri- 
tis. A few die in uremia with anatomical findings 
characteristic of chronic glomerulonephritis. 


elevated, at 27.4 mgm. per 100 cc., and the urea 
clearance w-as still only 61 per cent of normal. 
At this time, the fasting plasma amino acid N 
level w-as within normal limits and the loading 
curve w-as likewise normal. In this patient, the 
plasma amino add N retention seemed to be cor- 
related more closely with hepatomegaly and pos- 
sible liver dysfunction than with renal impairment. 

Results in patients with nephrocalcinosis 

In 2 patients with nephrocaldnosis, without 
clinical evidence of hepatic disease, the amino acid 
loading curves were normal. In one of these 
patients, the urea clearance indicated moderate 
impairment, in the other, renal function was good 
(Table I). 

B. URINARY EXCRETION STUDIES 

In addition to the determination of the plasma 
amino add N levels following the intravenous 
injection of casein hydrolysate, the urinary excre- 
tion of the end products of its metabolism was 
studied in some of the patients, to obtain, if pos- 
sible, an insight into the rate of deamination. The 
data obtained enabled estimations to be made of 
the effect of injections of casein hydrolysate on 
renal urea and amino add clearances as well. 
Pertinent results are presented in Table III, 

Certain features were similar in all of the chil- 
dren examined, including the controls. No sig- 
nificant increase in urea dearance was observed 
following the injection. Only small amoimts of 
amino add were excreted so that the renal aminn 
add clearance remained minimal. The ratio of 
(NH 3 N -j- urea N) to total N.P.N. remained 
constant before and after the injection, so it was 
inferred that the casein hydrolysate was utilized 
as a metabolic protein. 

Results in normal children 

In 4 of the normal controls, urinary studies were 
carried out. In 3 of these children, during the 
period of observation foUovring the injection of 
casein hydrolysate, the rate of ammonia and urea 
excretion was doubled. In one other control, 
during forced diuresis with a urine volume of 6 to 
7 cc. per minute, the increase in ammonia and 
ur^ per hour was sUght ( 11 ). In this patient, 
it is possible that the transient oliguria (a de- 
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crease in volume from 6 to 7 cc. to 0.9 cc. per 
minute) which resulted from the injection of 
casein hydrolysate masked the findings. 

Results in patients with kidney disease 

Four patients with nephrosis in whom kidney 
function was normal were studied. As in the 
normal controls, the rate of ammonia excretion 
was increased two- or threefold but, in contrast 
to the controls, only a slight increase in the rate 
of urea excretion was observed. 

The manner in which one patient with nephro- 
sis, R. F., metabolized the casein hydrolysate was 
studied repeatedly. The data from 2 of the studies 
appear in Table III. As previously described, 
urinary studies carried out on October 28, 1940, 
when renal function was good, demonstrated a 
twofold increase in the rate of ammonia excretion 
and a slight increase in urea excretion per unit 
of time. On April 3, 1941, the study was re- 
peated. The clinical course was progressively 
downhill and at this time, the urea clearance had 
decreased to 31 per cent of the normal. Following 
the injection of casein hydrolysate, there was no 
increase in the amount of ammonia excreted in 
unit time, while the rate of urea excretion actually 
diminished. These results were confirmed on 2 
subsequent occasions. Thus, this patient when 
first studied was able to respond to the injection 
of casein hydrolysate with an increased rate in 
the excretion of ammonia. Later, as might be 
expected with diminished kidney function, this 
ability was lost. 

In 2 patients, E. B. and M. H., with chronic 
glomerulonephritis and severely impaired renal 
function, with clearances of 35 per cent and 14 
per cent of the normal, respectively, as might be 
predicted, no increase in the rate of ammonia or 
urea excretion was noted following the injection 
of casein hydrolysate. 

Results in patients with liver disease and good 
renal junction 

Two patients with portal cirrhosis and plasma 
amino acid retention were available for urinary 
studies. Before hypoproteinemia had developed, 
patient D. T. showed a moderate increase in the 
rate of urea and ammonia excretion after the 
injection of casein hydrolysate. In patient R. H., 
with severe hypoproteinemia in the later stages 


of cirrhosis, only a slight increase in the rate of 
urea and ammonia excretion was observed, which 
suggested a reduction of deamination. 

In patient, J. J., with catarrhal jaundice, in 
whom moderate plasma amino acid retention had 
been observed, there was no increase in the rate 
of ammonia excretion and a considerable lag in 
the rate of urea excretion. In 2 jaundiced pa- 
tients, S. A. and F, B., with hepatomegaly of un- 
known origin, in whom no plasma retention had 
occurred, a lag in the rate of urea excretion was 
noted in one but not in the other. In neither 
patient was there an increase in the rate of am- 
monia excretion. Thus, 3 jaundiced patients with 
greatly enlarged livers and no disease of the 
kidney failed to show any increase in the rate 
of ammonia excretion above the catabolic level. 
The data from 2 of these patients suggested a 
reduction in the rate of deamination ; but in only 
one, J. J., was plasma amino acid retention found. 

In patient F. T., with marked hepatomegaly 
associated with poorly regulated diabetes, in whom 
the conventional liver function tests were normal, . 
the rates of ammonia and urea excretion were 
moderately increased. 

DISCUSSION 

A common denominator between the experi- 
mental dog and the nephrotic patient is hypo- 
proteinemia, even though the etiology of the hy- 
poalbuminemia is not the same. The nephrotic 
child remains in positive nitrogen balance when 
fed protein but is unable to replenish his depleted 
serum proteins (12), while the experimental dog, 
with intact ability to generate serum proteins, 
fails to do so because protein is withheld from the 
diet. It is commonly assumed that the liver is an 
essential organ for the synthesis of serum^ pro- 
teins. Since the nephrotic patient can maintain 
neitlier adequate serum proteins -nor norma 
plasma amino acid N levels, it seemed logical to 
study the metabolism of amino acids in these 
patients with a view to uncovering possible liver 
dysfunction. 

The manner in which normal children hand e 
an intravenous load of casein hydrolysate was de 
termined. Most of the injected amino acid was 
removed from the blood stream immediately y 
diffusion into the tissues, the plasma amino aci 
N rose to twice the normal level 5 minutes a ter 
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completion of the injection, and w-ithin 95 minutes, 
the preinjection level was regained in all patients. 
Loading curves in the nephrotic patients were 
similar to those obtained in the normal controls. 

In contrast, loading curves in 4 patients with 
portal cirrhosis showed plasma amino acid reten- 
tion. In 2 patients, h)'poalbuminemia was pres- 
ent. In 3, most of the conventional liver function 
tests indicated severe impairment; in one patient 
witli minimal retention, seen early in the course 
of the disease, most of the conventional tests were 
still normal. All of the patients had normal 
kidney function. In other words, no plasma 
amino acid retention was found in the normal dog, 
the normal child, or the hypoproteinemic child 
with pure nephrosis; while retention was ob- 
sen-ed in tfie iij'poproteinemfc dog with liver in- 
jury and in the patients witli portal cirrhosis. 

In the children with kidnej' disease and no 
clinical evadence of liver disease, the loading 
curves showed no plasma amino acid retention. 
Hence, it seemed that kidney impairment, even of 
severe degree, did not interfere with the removal 
of plasma amino acid when a load was placed on 
the mechanism. Of passing interest was the fact 
that the patient with renal glycosuria did not 
excrete significantly larger amounts of amino add 
than the normal controls or other patients. 

In the group of patients with hepatomegaly, 
retention of plasma amino add follo\ving an in- 
jection of casein hydrolysate could not be corre- 
lated with other tests of liver function to the same 
degree as in the patients -with liver drrhosis, nor 
did the additional test of ability to dispose of a 
load of intravenous amino acids offer a solution 
to those in search of an infallible test of liver im- 
pairment. Actually, the numerous functions of 
the liver may be selectively impaired as are the 
functions of the kidney. 

In one patient with hepatosplenomegaly and 
kidney impairment, moderate plasma amino add 
retention was found when the liver and spleen 
were enlarged and disappeared as recovery en- 
sued, even though some impairment of kidney 
function persisted. In contrast, in chronic glo- 
merulonephritis with severely impaired renal func- 
tion 'without liver involvement, no tendency to 
retention was observed. 

In the hypoproteinemic dog, studies of urinary 
excretion of ammonia, urea, and amino add, fol- 


lowing an intravenous injection of casein hydroly- 
state under standard conditions, suggested that 
the plasma amino acid retention was probably due 
largely to a reduction in the rate of deamination. 

In the normal child, following intravenous in- 
jection of 12 mgm. amino add N per Idlo, the 
forces of diffusion into the tissues and deamination 
were such that the preinjection plasma amino 
acid N level was reached behveen 35 and 95 
minutes. Most of the amino acid diffused rapidly 
into all of the tissues and subsequently reached 
the liver where it was rapidly deaminized to form 
ammonia, which in turn was synthesized to urea.® 
At normal urine flows in 3 control children, the 
rates of ammonia and urea excretion per hour 
were doubled within the period of observation fol- 
lowing the injection. Loss of amino acid through 
the kidney during the injection was minimal. 
During the period of observation, blood urea levels 
did not vary significantly, which indicated that 
the equilibratory mechanism for maintenance of 
normal blood urea values was not strained by the 
amount of amino acid given. The observed in- 
crease in the rates of ammonia and urea excretion, 
above the level of catabolism in the absence of 
acidosis, was considered to represent the balanced 
response of a normal liver and normal kidneys, 
in a child, to the injection of 12 mgm. of amino 
acid N per kilo. 

Interpretation of the metabolism studies in the 
patients was more difficult than in the experi- 
mental dog. In the normal dog,, the substantial 
increase in the rate of urea excretion above the 
catabolic level, immediately following an injection 
of amino acid, was considered an indication of the 
speed of deamination. As hypoproteinemia was 
induced, the decrease in tlie rate of urea excretion 
^vas thought to represent (a) immediate utiliza- 
tion of amino acids to replenish depleted tissues, 
and (b) a decreased rate of deamination of the 
remaining fraction which in spite of (a) was 
sufficient to produce plasma amino acid retention. 
In the experimental dog, presumably no serious 
interference with kidney function had occurred, 

®At the present time, it is commonly accepted that 
practically all deamination occurs in the liver unless 
base depletion creates an unusual demand for ammonia,' 
formation by the kidney (13 to 15). If renal deamina- 
tion occurs, the chances on the basis of organ size in-* 
dicate that it will prove to be of relatively small quan- • 
titative importance (1). 
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since the urea clearance did not vary significantly 
throughout the period of deproteinization and was 
only slightly lower than when the dog was fed 
protein (7) ; the urine remained normal to micro- 
scopic examination throughout the course ; and no 
evidence of morphological injury to the kidney 
was found post mortem. Obviously, in patients 
with impaired renal function, the rate of urea 
excretion could not be used to estimate the speed 
of deamination. Hence, evaluation of interfer- 
ence with deamination could be attempted only 
in those patients with good renal function. 'In the 
series reported here, this was limited to patients 
with pure nephrosis and liver disease. 

In 4 patients with nephrosis and no plasma 
amino acid retention, in whom urinary studies 
were made, the rate of urea excretion was slightly 
increased, but much less so than in the normal 
controls. This may be interpreted as a slight 
reduction in deamination, but it is clear that if 
reduction in deamination occurred, it was not 
sufficient to result in plasma amino acid retention. 

In only one of 2 patients with portal cirrhosis, 
in whom urinary studies were made, did the fail- 
ure to excrete urea above the catabolic level sug- 
gest a reduction in deamination. In 2 out of 3 
jaundiced patients, there was a lag in the urea 
excretion suggesting delay in deamination but in 
only one of them was plasma amino acid retention 
observed. Although urinary studies in patients 
with hepatomegaly in whom plasma amino acid 
retention was observed were too limited in num- 
ber to permit a definite conclusion, the data ob- 
tained are compatible with the suggestion that 
deamination is delayed. 

Nash and Benedict in 1921 (16) proved by a 
series of ingenious experiments that urinary am- 
monia is formed only in the kidney. Bliss (17) 
demonstrated that certain amino acids can serve 
as the precursors for ammonia formation in the 
kidney of acidotic dogs. The subject of ammonia 
formation and transport in the blood stream is 
still controversial and has been reviewed recently 
(1, 18, 19). The data obtained in normal chil- 
dren and in patients with kidney disease are com- 
patible with the theory of ammonia formation pro- 
posed by Nash and Benedict. In contrast, the 
patients with liver disease and unimpaired kidney 
function, as judged by urea clearance, failed to 
excrete ammonia at the expected rate, even though 


an acidosis was present. Present knowledge of- 
fers no satisfactory explanation of the observed 
fact. 

SUMMARY 


In 45 normal hospital children, the fasting 
plasma amino acid N ranged from 2.92 to 4.63 
mgm. per 100 cc. 

Intravenous injections of casein hydrolysate 
were given to normal children, and to patients 
with nephrosis, nephritis, and liver disease. In 
4 children with portal cirrhosis, a delay in clear- 
ing the plasma of amino acids was observed fol- 
lowing the injection. In 2 of 7 patients with liver 
disease other than cirrhosis, a moderate delay was 
noted. In one patient with hepatosplenomegaly 
and impaired renal function, retention of plasma 
amino acid was noted, which disappeared when 
the enlargement of liver and spleen abated. 

On the other hand, 8 of 9 patients with nephro- 
sis, 2 patients with chronic glomerular nephritis, 
and 3 patients with various other types of kidney 
disease cleared the plasma of amino acid as quickly 
as the normal controls. Severe impairment of 
renal function offered no obstacle to the rapid 
clearing of injected amino acid from the plasma, 
while delay in plasma clearance could be related 
to liver dysfunction. 

Urinary excretion studies were carried out in 
some of the patients following the injection. Rep- 
resentative patients of each of the above groups 


showed no significant increase in urea clearance. 
Only small amounts of amino acid were excreted 
so that the amino acid clearance was low, a few 
cc. per minute per sq. M. 

The rate of urea excretion in nephrotic and cir- 
rhotic patients and in those with other forms o 
liver disease, although increased slightly above 
the catabolic level, was not so great as that ob- 
served in the controls. This might indicate a 
reduction in deamination. 


The rate of ammonia excretion in normal con- 
trols and in patients with nephrosis was double 
immediately after the injection. In 5 patients 
with severe impairment of renal function, no m 
crease in the rate of ammonia excretion was ‘ 
Although 2 patients with cirrhosis showed a shg 
increase in ammonia excretion, 3 jaundiced p^ 
tients with marked hepatomegaly and norma 
renal function failed to excrete ammonia above the 
catabolic level. 
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In the course of experimental work on the prob- 
lem of autologous plasma clot suture of ner^'es 
(1), the desirability of in vitro tests of plasma 
clots became apparent and an instrument and 
method which might ser\’e the purpose were de- 
Hsed. Since the procedure seemed likely to be 
useful to other workers, it was reported (2) -while 
we were still accumulating the data now pre- 
sented. 

Methods for measuring the tensile strength of 
dots have been used previously. Fonio (3) cen- 
trifuged 6 cc. quantities of blood mixed with 2 cc. 
of 0.75 per cent MgSO* to retard clotting, al- 
lowed spontaneous clotting of the supernatant 
plasma, then cut the plasma clot free of the cellular 
portion below. After compressing the clot in a 
spedal press to a 0.5 X 1-0 cm- disc, it was fixed 
in ether and then clipped above and below in its 
shorter dimension. Weights were then added 
-until the dot broke and the maximal weight held 
recorded. The tensile strength of such fibrin discs 
was found to vary in individuals, the normal 
range being from about 250 to 350 grams. In 
diseased individuals, he found that the values ob- 
tained were often greater or less than the normal 
(4). He did not attempt to correlate this varia- 
tion -with any property or constituent of the blood. 
Knstenson (5) used a slightly different tech- 
nique; he did not add any anticoagulant and al- 
lowed the clot to retain its natural shape. Qots 
were formed from chilled plasma, in test-tubes of 
uniform bore, and fixed in ether. He suggested 
that -variations in clot tensile strength are de- 
pendent on varying amounts of fibrinogen present 
as -\ivell as on other factors. 

In the present paper, some factors affecting the 
tensile strength of plasma clots have been inves- 


tigated, using a technique somewhat modified from 
that described by Kristenson. An attempt has 
been made to avoid objections such as can be 
raised against the work of Fonio and of Kristen- 
son, by omitting the use of any fixative, by testing 
the clots in triplicate or quadruplicate, and by 
examining a larger number of specimens in order 
to attain at least minimal statistical validity. 

METHOD 

The method used by us consists essentially of allowing 
coagulation of 1 ca of plasma to take place in test-tubes 
of uniform bore (0.75 cm. in diameter), at 37.5° C., in a 
water bath. No anticoagul^t was added (unmodified 
plasma), premature clotting being prevented by dra-wing 
the blood into a chilled, oiled syringe and immediately 
transferring it to paraffin-lined tubes, packed in ice, for 
centrifugation to separate the plasma. 

The clots were removed from the test-tubes by care- 
fully riiiuning them with a cool platinum wire and then 
either enmeshing the tip of the wire in the uppermost 
portion or heating the tip of the wire so that the clot 
would adhere to it and could thus be lifted out 

The apparatus used (2) is essentially a rigid frame to 
which is attached a rubber-sleeved hemostat which clips 
the upper end of the clot and suspends it in front of a 
millimeter rule. A light rubber-sleeved clip grasps the 
lower end of the clot. To the lower clip are appended 
5 or 10 gram weights, one at a time, until rupture of the 
clot occurs. The increase in length is measured as each 
weight is added. 

The tensile strength is defined in this paper as the 
maximum weight held in grams (including the weight of 
the clip) before the final increment caused rupture of 
the clot 

PRECAUTIONS 

Variability in readings obtained in testing clots, formed 
from the same specimen of plasma under the same con- 
ditions, is to be expected on the basis of experimental 
error intrinsic to the method. 

Care must be taken to avoid damage to the clot when 
remoring it from the tube or applj-ing the clip. One’s 
suspicion should be aroused if in the test, when the 
wdght is applied, the rupture does not occur near the 
mid-point where “necking” ordinarily is Tnayimnl When 
the clot is clipped, its entire -width must be included be- 
cause the tensile strength ^aries -R-ith the cross-sectional 
area. On the other hand, since our results show that the 


"This study was aided by a g^rant from the Committee 
on Scientific Research of the American Medical Associa- 
tion. 

" Fellow in Surgical Research. 
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length of the clot has very little effect on the tensile the base of the clot might still show merely strand-like 

strength reading, should the clot be torn when the clip is clotting and a .more transparent or “fluid” appearance, 

applied, there is no objection to reapplying if if enough When such clots were removed from the tubes, their 

clot remains for convenient testing. Also, in order to lower parts were found to consist merely of fibrin sacs, 

avoid shearing, the clot must be clipped exactly trans- filled with unclotted plasma. Accordingly, we deemed it 

versely, and some practice is required before one learns advisable to make a quantitative study of the tensile 

to apply the weights without tugging. In general, im- strength of the clots in relation to their age. Ten series 

proper technique as outlined above tends to give a false of clots were' tested, in duplicate and triplicate, at the fol- 
low value for the tensile strength. lowing ages : 0, 3, 6, 9, 12, 15, 20, and 30 minutes, 0 

In most of our determinations, an interval of 15 minutes representing the time when the tip test first became posi- 

was allowed to elapse between clotting and the first test. tive. (Older clots were not tested as it had previously 

This was done because it was not infrequently observed been found that there was no variation among clots whose 

(especially in experiments where anticoagulant substances ages ranged from % hour to 24 hours.) Since the clots 

had been added to plasma) that the clot did not appear in these experiments were prepared from plasmas from 

to have achieved what was considered its maximum sta- different individuals, they varied considerably in tensile 

bility until approximately such a period had elapsed. strength. In order not to give undue weight to those 

Thus, after clotting had progressed sufficiently at the clots with high tensile strength, when computing the 

surface to prevent deformation on tipping (“tip test”), average tensile strength of any given specimen at any 



TIME (minutes) 

Fig. 1. Relation of Clot Tensile Strength to the Interval Between Clotting and Testing 
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years). Specimens 1, 4, and 7 were from healthy tensile strength, but within a narrow range. The 
young blood donors ; 2, 3, and 10 were from mean clot tensile strength of normals in this group 
healthy males who had undergone minor surgical is 45.5 grams. There was no apparent correlation 
procedures on the hospital ward ; 5, 6, and 9 were between clot tensile strength and age or sex. This 
from laboratory workers; 8 and 11 were from lack of correlation was substantiated by all data 
females studied in the Out-Patient Department obtained subsequently. In the table, we have also 
and reported as free of organic disease. recorded the degree of retraction of each clot 

The table demonstrates that in normal individ- tested and it can be seen that this varied consider- 
uals, by this method, there is variation of clot ably. There appears to be no relation between 


TABLE II 


Plasma fibrinogen in grams per 100 cc. plasma and clot tensile strength in grams held 




L. H. M Involutional melancholia 


M. B. M Arteriosclerosis 


R. S. M Inguinal hernia 


M. A. M Inguinal hernia 


E. B. M 1. Possible typhoid fever 
2. Possible trichinosis 


R. W. F Pulmonary tuberculosis, healed 


, P. M Myelogenous leukemia 


M. A. F Pregnancy 


A. W. M Nephritis 


F. N. I M| Acute rheumatic fever 


K. F Pregnancy 


C. O. 1 F Pulmonary tuberculosis 


M. A. I mI Fracture of left femur 


Fibrinogen* 


0.27 0.40 


Tensile strength and clot retraction, 
(quadruplicate determinations)t 































































































plasma clot tensile strength 


patient I Scxl 


and plasma fibrinogen 
table II — Continued 


Diacnosjs 


Pibrinogea* 


Adcnocardnoma, hepatic flexure 


Trasile strength and dot retractinr, 
(quadruplicate detcmiinationslt 
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Average 
I tensile 
I strength 



handled differently, ; 


determinations on dupKcate 

’ and 0 represent different degrees of dot retraction. 

Strength ^ tensile InddentalJy, the elastic omnerf r 

fibroin hair he . increments in the weight iL^LlT ^ 

polypeptide cL”' equal increases in the length'^of 

strandV re/ spedmens the aver!* ° 

peptide chi i ' P°'^- -‘fi eve^r JO ^mtame * • 

fashion di ^ conceived to shorten in accordion mately 02 cm. With renard t tt, ^PP*^°^* 

^fien the nih '?^^^''"°^ecular transformation, dot to resume its origina^ngth %vhen th’^ 

""°ss-sectio^l ! Peiypeptide chains in a unit are removed, we have obse^Jed Ms 

strength '^b^eh the tensile partial. The greater the Ini? 2 ^ 

“sa »„„M depend, „„„,d no. be nffeCed. Lnnced is .he^spS.pt ^e'oH ^d 
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years). Specimens 1, 4, and 7 were from healthy tensile strength, but within a narrow range. The 
young blood donors ; 2, 3, and 10 were from mean clot tensile strength of normals in this group 
healthy males who had undergone minor surgical is 45.5 grams. There was no apparent correlation 

procedures on the hospital ward; 5, 6, and 9 were between clot tensile strength and age or sex. This 

from laboratory workers; 8 and 11 were from lack of correlation was substantiated by all data 

females studied in the Out-Patient Department obtained subsequently. In the table, we have also 
and reported as free of organic disease. recorded the degree of retraction of each clot 

The table demonstrates that in normal individ- tested and it can be seen that this varied consider- 

uals, by this method, there is variation of clot ably. There appears to be no relation between 


TABLE II 


Plastna fibrinogen in grams per 100 cc. plasma and clot tensile strength in grams held 


Patient Sex 


Diagnosis 



L. H. M Involutional melancholia 


M. B. M Arteriosclerosis 


R. S. M Inguinal hernia 


M. A. M Inguinal hernia 


E. B. M 1. Possible typhoid fever 
2. Possible trichinosis 


R. W. F Pulmonary tuberculosis, healed 


. P. M Myelogenous leukemia 


M. A. F Pregnancy 


A. W. M Nephritis 


F. N. I mI Acute rheumatic fever 


K. F Pregnancy 


C. O. F Pulmonary tuberculosis 


M. A. I mI Fracture of left femur 


Fibrinogen* 


0.27 0.40 


Tensile strength and clot retraction, 
(quadruplicate determinations)! 

























































































Patient 


L. L. 


Sei 


M 


plasma clot tensile strength and plasma fibrinogen 

TABLE II — Continued 

T^iile strength and clot retracU^ 
(quadruplicate deterTninaUoa3)t 


Diagnosia 


s. s. 


M 


Adcnocardnoma, hepatic flexure 


0.55 


Acute rheumatic fever 


A. A. 


M 


M. C. 


M 


P. C. 


C. B. 


K.B. 


K. D 


Inguinal hernia 


Cardnomatosis 


M 


Cardnoma.of rectum 


M 


Retroperitoneal malignancy 


Fibrinogen* 


0.56 


0.57 
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Average 

tenrOe 

strength 


0.585 


0.595 


Pulmonary carcinoma 


0.64 


0.675 


M Cervical adenitis 


M.S. 


J.D. 


M 


Pneumonia 


M Pneumococcus meningitis 


Pulmonary cardnoraa with metastases 


105 

+++ 


85 


175 

+++ 


75 
-i — h 


95 

-{-++ 


105 

+++ 


155 

4-i-+ 


65 

+++ 


75 

++-1 


95 

’+-{-+ 


95 

+++ 


65 

+++ 


165 

’++ + 


0.79 


85 

0 


145 

’+++ 


0.67 


0.76 


155 

++ 


155 

+++ 


0.875 


0.80 


0.85 1.05 



65 

0 


155 


85 


85 

++-1 


135 

++-r 


135 

+++ 


155 

++ + 


115 

+++ 


95 


145 


97.5 


130.0 


70.0 


137.5 


105 


105 

++ 


85 


95 


99.0 


110.0 


165 

+++ 


95 

+++ 


105 

++ + 


95 

-r+4- 


115 

+++ 


117.5 


225 

0 


255 

0 


195 

0 


185 

+++ 


175 

0 



112.5 


152.5 


212.5 


160.ff 


duplicate samples of plasma, handled differently, as 


• The values in the two columns represent determmauons 
aescnbed_^.^the t^_^^ 0 represent different degrees of dot retraction. 

e 1 . nnd its tensile Incidentally, the elastic properties of plasma 
the extent of retraction of a clot ^ ^ -e clots are "well illustrated by the fact that equal 

strength. This is not entirely surpnsing « - ^^einents in the weight load produce approxi- 

visualize fibrin as a fibrous protein simi ar equal increases in the length of the clot. 

fibroin, hair keratin, and muscle myosin, comp ^ normal specimens, the average increase in 

of polypeptide chains arranged roug ^ y in P leneth v.-ith every 10 gram increment was approxi- 

strands (6). If, during clot retraction, e p y- 

peptide chain is conceived to dot to resume its original length when the weights 

fashion due to an intra-moleimlar t ’ j.einoved, we have observed this to be only 

then the number of polypeptide chains 
cross-sectional area, upon which tne tensuc 
strength would depend, would not be affecte 


nounced is the disparity between the original and 
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Fig. 2. Relation of Clot Tensile Strength to Blood Fibrinogen 
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THE ELECTROPHORETIC ANALYSES OF THE SERLLM PROTEINS 
IN DISEASES OF THE LIVER 

Bv SEYMOUR J. GRAY and E. S. GUZMAX BARRON 
(From the Chemical Division oj the Def'nrtment oj Medicine, University of Chicago, Chicago) 

(Received for publication September 4, 1942) 


The intimate association of the liver with the 
maintenance of normal serum proteins is well 
establislied. An increase in sennit globulin, with 
inversion of the albumin-globulin ratio, is a com- 
mon fiiuling in cirrhosis of the liver, but normal 
senim proteins are observed frequently in the 
acute parenchymatous diseases of the liver like 
catarrhal jaundice and arsenical hepatitis (1). 
The senim protein fractions in cancer of the liver 
are quite variable. 

Determination of the serum proteins by the 
usual precipitation methods has led to the con- 
ception that the proteins may be considered nor- 
mal when the serum albumin or globulin content 
falls within the empirically determined normal 
range. By electrophoretic analysis, however, the 
protein constituents within the serum globulin may 
be markedly abnonnal, although their sum total 
by chemical analysis falls within the normal range. 

Electrophoretic studies by Luetscher (2) and 
Longsworth (3) indicate that an increase in beta 
and gamma globulin, associated with a decrease 
in albumin, occurs in cirrhosis of the liver. Only 
a tew cases of liver cirrhosis were studied, and 
most of these investigations were made in the 
advanced stages of the disease, in which the serum 
proteins already appeared ahnormal by the usual 
chemical methods. Little is known, however, 
about the electrophoretic distribution of these pro- 
teins in diflterent types of liver disease and in 
various stages of hepatic insufficiency, particularly 
m the early stages of liver disease where the 
serum proteins are presumably normal by chemi- 
cal analysis. 

The present investigation includes the electro- 
phoretic analysis of the serum proteins of patients 
with acute parenchymatous liver disease, cirrhosis 
of the liver, and cancer of the liver. Patients with 
e.xtrahepatic jaundice caused by gall stones were 
also studied, and the results obtained by electro- 
phoretic and chemical analysis in the various tj'pes 
of liver disease and in extrahepatic jaundice were 


compared. Patients with varA'ing degrees of liA'cr 
insufficiency were studied in each group. 

METHOD 

The blood samples were obtained from the patients 
before breakfast. The serum was diluted with 3 parts of 
veronal buffer made by mixture of the required amounts 
of 0.025 M veronal, 0.025 M HQ. and 0.025 il NaQ to 
a pH value of 7.8 at 25' C., and dialyzed against several 
liters of this buffer for 3 to 4 days, at 3° C., the buffer 
being changed daily. The protein solution was then 
centrifuged at 3' C. before being introduced into the 
electrophoresis cell. The electrophoretic experiments 
were carried out in the Tiselius apparatus (4) at 3° C., 
the electrophoretic patterns being recorded bj' the method 
described by Longsworth (5). 

The concentrations of the components of serum protein 
were estimated from the electrophoretic diagrams ob- 
tained from the descending boundaries. 

RE5EXTS 

Xormal scrum 

The 4 protein fractions of human serum de- 
monstrable by this method, as first noted by 
Tiselius (4) and Stenhagen (7), are albumin and 



Xonnal 5-frtjm N'ormI Fm:.*:} 

Fig. 1. XoP.M.AL Serum 
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»r images. A fifth protein appears between the 
ita and gamma globulin in the anode, and the 
ielta effect’’ described by Longsworth may be 
:en in tbe ver)' large gamma globulin of the 
iCending boundary. In the descending boundary^ 

Catarrhal jaundice. No. 32. A. 4.33. G. 2.45. 


Cathode Anode 

Fig. 3. Catarrhal Jaundice 


however, the additional protein appears to be a 
component of the gamma globulin, and the “delta 
effect” is not observed. 

An increase in both beta and gamma globulin 
was obserred in the serum of the patient with 
acute arsenical hepatitis (Table III, case 14). 
This 18-year-oId patient became severely' Jaun- 
diced following the third of a series of arsenical 
injections. The icteric index rose to 150, and the 
patient presented the sy'mptoms of complete ob- 
structive jaundice. At operation, no extrahepatic 
disease was found, and a biopsy' of tbe liver 
revealed a severe hepatitis with intraliepatic ob- 
struction, characterized by bile casts in the hepatic 
bile capillaries and edema of the periportal tissue. 

Several chemical determinations of the scrum 
proteins revealed a normal albumin-globulin ratio. 
The serum proteins were abnormal by electro- 
phoretic analysis, however, the albumin being 
reduced to 44.5 per cent and the gamma globulin 
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alpha, beta, and gamma globulin, in the order of 
tlieir electrophoretic mobilit3^ There is excellent 
agreement among various workers concerning the 
proportions of these fractions in normal serum. 
In the 5 normal patients studied here (Figure 1), 
the serum albumin constituted 62.5 to 65.5 per 
cent of the total protein, alpha gloindin, 6.2 to 
7.9 per cent, beta globulin, 12.6 to 15.2 per cent, 
and gamma globulin, 13.1 to 15.7 per cent (Table 
I). The average normal values, found in this 


TABLE I 

Percentage composition of serum proteins in normal scrum 


Patient 

! 

Total protein 

t 

A/G ratio 

1 

Albumin 

1 

1 “ 

0 

7 

1 

7.13 

4.98/2.15 

65.4 

6.2 

12.6 

15.7 

2 

7.30 

4.55/2.75 

62.5 

7.9 

14.6 

15.0 

3 

7.60 

4.75/2.85 

62.8 

7.5 

15.1 

14.6 

4 

7.00 

4.81/2.19 

65.5 

6.4 

15.0 

13.1 

5 

7.40 

64.0 

7.1 

15.2 

13.7 


laboratory, of 64 per cent for serum albumin and 
7.0 per cent, 14.5 per cent, and 14.4 per cent for 
the alpha, beta, and gamma globulins, respectively, 
closely approximate those reported by Svensson 
(6), Longsworth (3), Luetscher (2), Gutman 
(8), and Kekwick (9) (Table 11). The high 


TABLE n 

Ratio of concentration of each globulin (albumin 
concentration for normal serum 


a/Albumin 

/3/Albumin 

1 

7 /Albuinin 

Reference 

0.13 

0.26 

0.17 

Svensson 

0.12 

0.23 

0.20 

Longsworth 

0.11 

0.21 

0.19 

Luetscher 

0.12 

0.21 

0.26 

Gutman 

0.08 

0.19 

0.43 

Kekwick 

0.11 

0.23 

0.22 

Gray and Barron 


value for gamma globulin reported l)y Kekwick is 
caused by the “delta effect,” probably due to 
diffusion, observed in the ascending boundary. 
All of our studies were made in the descending 
boundary to obviate this effect, as suggested by 
Longsworth and others. 

Acute parenchymatous liver disease 

The serum proteins of 5 patients with catarrhal 
jaundice, and 1 Avith an acute arsenical hepatitis, 
were studied electi'ophoretically (Table III). 
The catarrhal jaundice patients Avere betAveen the 
ages of 5 and 25 and Avere rather severely jaun- 
diced, Avith icteric indices betAveen 21 and 40. 


TABLE in 


Percentage composition of serum proteins in acute 
parenchymatous diseases of the liver 


Pa- 

tient 

A/G 

ratio 

Al- 

bumin 

a 

0 

7 

Diagnosis 

14 

5.62/2.23 

44.5 

9.0 

28.2 

18.3 

Acute arsenical 
hepatitis (biopsv) 

29 

8.75/3.71 

42.8 

5.8 

20.5 

30.9 

Catarrhal jaundice 
(biopsv) 

32 

4.33/2.45 

40.3 

7.5 

8.0 

44.2 

Catarrhal jaundice 

33 

3.16/3.14 

48.8 

9.1 

25.9 

16.2 

Catarrhal jaundice 

42 

3.79/2.75 

56.7 

7.7 

13.4 

22.2 

Catarrhal jaundice 

68 

3.91/2.25 

58.1 

6.0 

10.1 

25.8 

Catarrhal jaundice 


Tliey presented the tj^pical liistory and course of 
an acute infectious hepatitis; biopsy confirmed 
the diagnosis in 1 patient Avith catarrhal jaundice 
(Table III, case 29), and in one Avith acute 
arsenical hepatitis (Talile III, case 14). 

Although the total serum globulin determined 
chemically b}'^ the method of Campbell and Hanna 
(10) Avas normal in 3 of the 5 patients Avith catar- 
rhal jaundice (Table HI. cases 32, 42, 68), elec- 
trophoretic analysis revealed an abnormal in- 
crease in beta or gamma globulin or both m 
eA’^ery instance (Figure 2). The increase of beta 
globulin to 20.5 and 25.9 per cent noted in 2 
patients (Table III, cases 29 and 33) may be. 
considered A^alid, since the blood cholesterol nnd 
the total fats Avhich migrate Avith beta globulin 
were normal. 

A considerable increase in gamma globulin, 
with A'^alues ranging between 22.2 and 44.2 per 
cent, Avas obseiwed in 4 of the 5 cases of catarrhal 
jaundice. This increase in the gamma globulin 
to an average of 25.9 per cent and the concomitant 
decrease in serum albumin are the charactei istic 
protein changes in the acute parencliAunatous Incr 
diseases. 

That these protein abnormalities may be piesent 
in spite of a normal albumin-globulin ratio, deter 
mined chemically, is Avell illustrated in the case 
of the 5-year'old child Avith catarrhal jauuc ic 
(Table III, case 32). The albumin Avas de- 
creased to 40.3 per cent and the gamma 
increased to 3 times its normal Amine, althoUo^^ 
the albumin-globulin ratio obtained by the usin^ 
fractional precipitation methods remained norm 


'6 o j 

ire 3 also demonstrates the fact that the 
ing and descending boundaries arc not i 
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TOT images. A fifth protein appears between the 
beta and gamma globulin in the anode, and the 
delta effect’" described by Longsworth may be 
seen in the verj- large gamma globulin of the 
ascending boundaiy-. In the descending boundary'. 


Catarrhal jaundice. No. 32. A. 4.33. G. 2.43. 



Cathode Anode 

Fig. 3. Catarrhal Jaundice 


however, the additional protein appears to be a 
component of the gamma globulin, and the “delta 
effect” is not observed. 

An increase in both beta and gamma globulin 
was observed in the serum of the patient with 
acute arsenical hepatitis (Table III, case 14). 
This 18-year-old patient became severely jaun- 
diced following the third of a series of arsenical 
injections. The icteric index rose to 150. and the 
patient presented the symptoms of complete ob- 
structive jaundice. At operation, no e.xtrahepatic 
disease was found, and a biopsy of the liver 
revealed a severe hepatitis with intrahepatic ob- 
struction, characterized by bile casts in the hepatic 
bile capillaries and edema of the periportal tissue. 

Several chemical determinations of the serum 
proteins revealed a normal albumin-globulin ratio. 
The serum proteins were abnormal by electro- 
phoretic analysis, however, the albumin being 
reduced to 44.5 per cent and the gamma globulin 
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increased to 18.3 per cent (Figure 2). The large 
increase in beta globulin to 28.2 per cent may be 
attributed in part to the liigh serum cholesterol 
(714 mgm. per cent). 

Cirrhosis of the liver 

Electrophoretic studies of the serum proteins 
were made in 12 patients with cirrhosis of the 
liver (Figure 4). The diagnosis was verified in 
8 of these cases by autopsy, biopsj^ or peritoneo- 
scopy. Atrophic cirrhosis of the liver was found 
in 6 cases, hypertrophic periportal cirrhosis in 2, 
polyserositis with cirrhosis of the liver in 1, and 
pellagra with atrophic cirrhosis in 1. These pa- 
tients were all severely jaundiced with icteric 
indices between 30 and 120. 

The abnormality of the serum proteins is more 
pronounced in cirrhosis of the liver than in any 
other form of liver disease. A decrease in serum 
albumin or increase in serum globulin, deter- 
mined chemically, was observed in 9 of 10 cases 



Xanthom.itosis and Cirrhosis of the liver, 
biliary hepatic cir- A. 2.9p G. 4.41. 
rhosis. A. 4.53. Ao. oS. 

G. 2.37. No. 15. 


Hepatic cirrhosis and 
ascites. A. 4.37. 
G. 3.13. No. 31. 


Fig. 4. Cirrhosis of the Liver 


TABLE IV 

Percentage composition of serum proteins in cirrhosis 
of the liver ■ 


Pa- A/G AI- „ TA- ■ 

ticnt ratio biimin “ p 7 Diagnosis 

7 3.60/3.04 52.8 8.6 22.5 16.1 Atrophic cirrhosis 

(autopsy) 

15 4.77/3.22 45. 4 4.8 30.7 19.1 Xanthomatosis 

and biliary cir- 
rhosis (biopsy) 

20 5.11/2.54 64.5 3.5 18.4 13.6 Atrophic cirrhosis 

22 3.06/3.45 36.0 5.1 14,5 44.4 Atrophic peripor- 

tal cirrhosis (au- 
topsy) 

25 1,98/2.90 38.1 10.5 20.6 30.8 Atrophic cirrhosis 

(peritoneoscopy) 

28 3.12/2.29 58.8 9.1 13.6 18.5 Hypertrophic peri- 

portal cirrhosis 
(autopsy) 

31 4.37/3.13 64.3 4.6 9.8 21.3 Pellagra and 

atrophic cirrhosis 

35 2.94/4.41 42.7 10.1 12.0 34.2 Atrophic cirrhosis 

36 39.9 11.7 9.2 39.2 Polyserositis and 

capsular cirrhosis 
(autopsy) 

47 2.63/3.92 39.6 9.8 14.4 36.2 Atrophic cirrhosis 

(autopsy) 

61 3.23/6.02 35.1 4.5 11.4 49.0 Hemochromatosis 

and cirrhosis 

62 31.6 10.0 28.5 29.9 Hypertrophic cir- 

rhosis (autopsy) 


(Table IV). Electrophoretic studies demon- 
strate even more severe alteration of the serum 
proteins. Serum albumin was decreased to an 
average of 45.7 per cent and varied from 31.6 to 
64.5 per cent. These determinations were only 
slightly lower in the 6 cases with ascites than in 
the 6 without ascites, the average for the former 
group being 44.7 per cent and for the latter, 
46.8 per cent. As many albumin determinations 
of 31.6 to 39.9 per cent were observed in pa- 
tients without ascites as in those with ascites, 
although the 2 normal values of 64.3 and 64.5 
per cent occurred in patients without ascites. 

The most consistent and characteristic globulin 
alteration is a large increase in the gamma glo- 
bulin. This was observed in 11 of the 12 cases 
studied. The gamma globulin was increased to 
an average of 29.3 per cent, a 100 per cent in 
crease over the normal. Determinations as lug’ 
as 36.2, 39.2, 44.4, and 49.0 per cent were ob- 
served in this group. , , 

Although the beta globulin was increased in o 
of the 12 patients studied, liigh blood cholestero 
values were found in 2 of these cases (Table > 
cases 15 and 62). In the remaining 3 cases m 
which the blood cholesterol and fat were norma , 
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the l)Ct<T glohiiliti constituted 18.4 to 22.5 per cent 
of the total protein. In general, the average beta 
globulin for the 10 patient.s with normal blood 
cholesterol and fat determinations was normal 
(14.6 per cent), altliongh moderate increases in 
the .beta globulin were noted in several cases 
(Table IV. cases 7. 20, 25). 

Abnormally high values of 9.S per cent or more 
for alpha globulin were obscr\'ed in 5 cases in 
which the albumin determinations were particu- 
larly low (31.6, 38.1, 39.9. 39.6, 42.7 per cent), 
and where there was an inadequate compensator}- 
increase in beta and gamma globulin. In other 
instances with equally low serum alliumin and 
normal alpha globulin values, there were unusu- 
ally large compensatory increases in beta or gamma 
globulin (Table IV, cases 22, 61). 

Caticcr of the liver 

The protein fractions were analyzed electro- 
phoretically in 7 cases of metastatic carcinoma of 
the liver (Figure 5). The primar}- source of the 
carcinoma was the pancreas in 5 cases (Talile \', 
cases 37, 54, 58, 60, 64), the stomach in 1 (Table 
V, case 57), and the rectum in 1 (Table V, case 


TABLE v 

Percentage composition of serum proteins in metastatic 
carcinoma of the liver 


Pa- 1 MG ! 

AI- 

l.l . 1 

' 1 

! 

Primary' source of 

tient * ratio 

bumin 

liver metastases 

37 ‘ 5.42/3.56; 

52,7 

8.6| 24 . 2 : 

i 14 . 5 ; 

Pancreas (biopsy of 

i 

i i 

1 

liver) 

45 : 3 . 59 / 3 . 99 ; 

45.3 

6.9 18.6 

28.2 

Rectum (autopsv) 

54 , 5:62/2.76 

60.6 

8.0 19.7 

11.7 

Pancreas 

57 ;■ 1 

40.0 

8.6 29.2 

22.2; 

Stomach (autops^0 

58 1 4.15/2.36 

\ 

39.5 

4.7 18.4 

37.4 

Pancreas (biopsy- of 




liver) 

60 1 

58.6 

9.1 20.4 

11.9 

Pancreas 

64 ' 3.55/2.26 

44.7 

8.7 30.1 

16.5 

Pancreas (biopsj' of 




liver) 


45). The diagnosis was confirmed by autopsy 
or biopsy in 5 of the 7 patients. Jaundice was 
quite pronounced in each instance, the icteric 
index var}-ing between 40 and 200. 

The serum albumin-globulin ratio, determined 
by the fractional precipitation method, was normal 
in 2 of the 5 cases studied.- Electrophoretically, 
however, the albumin was moderately decreased 
in 6 of the 7 cases, and varied between 39.5 and 
60.6 per cent, with an average of 48.8 per cent. 

Abnormalities of the serum globulins are less 
prominent in secondar}- carcinoma of the liver 



Cancer of head of 
pancreas with me- 
tastases lo the liver. 
A. 2.65. G. 2.76. 
Xo. 54, 


Carcinoma of head of C^cer of pancreas 
pancreas with metasta- with metastasis lo 
sis to the liver. A. liver. No. 60. 
5.42. G. 3.56. Xo. 37. 


^felaslalic cancer of 
the liver with asdtes. 
Xo. 57. 


Metastatic 

liver. 


cancer 
Xo. 45. 


of 


Fig. 5. Metastatic CARaxoiiA of the Livep. 



Common duct Common duct Common duct stone. Chronic cholecystitis Chronic cholecystitis 
stone No. 71. stone. No. 44. A. 3.91. G. 2.99. and cholelithiasis. and cholelithiasis. 

No. 63. Common duct stone. A. S.47. G. 3.78. 

Atrophic liver cirrho- No. 38. 

sis. A. 4. 39. G. 

2.60. No. 43. 

Fig. 6. Extrahepatic Jaundice 


than in any other form of intrahepatic disease. 
The gamma globulin was essentially normal in 
4 of the 7 cases, and was increased in the 3 re- 
maining cases. The increase in beta globulin 
noted in all 7 cases may be explained, in part, 
at least, by the high blood cholesterol A^alues which 
were present in the 5 cases with carcinoma of the 
head of the pancreas. The beta globulin was 
moderately elevated, however, in 1 case (Table 
V, case 45) in which the blood cholesterol was 
normal. 

Common diicf obstruction 

Jaundice alone does not produce significant 
alteration of the serum proteins (Figure 6). This 
fact was demonstrated in 5 patients with a com- 
mon duct stone, whose livers appeared grossly 
normal on surgical exploration. The jaundice was 
quite severe in all cases, as illustrated by icteric 
indices of 30. 32. 68. 93, and 125. 


Although the serum albumin was decreased- to 
50.3 and 53.6 per cent in 2 cases, the gamma 
globulin was essentially normal in every case. 
It is interesting to observe that the beta globulm 
was normal in 2 cases, slightlj'' elevated in 2 cases, 
and increased to 25.8 per cent in 1 case, although 
the serum cholesterol determinations were greatl} 
increased in all 5 cases (250 to 416 mgm. 
cent). (Table VI.) 

Case No. 38 deserves special mention. There 


TABLE VI 

Percentage composition of serum proteins ni 
common duct stone 


Pa- 

Total 

A/G 

Ai- 


P 

7 

tient 

protein 

ratio 

bumin 



. — ' 

38 

9.25 

5.47/3.78 

50.3 

8.6 

25.8 

15.5 

69 

43 

7.19 

4.59/2.60 

66.7 

8.1 

18.3 

(76 

44 

63 

6.90 

3.91/2.99 

53.6 

60.7 

9.1 

7.6 

19.6 

14.8 

15.9 

13.2 

71 

6.86 

4.24/2.62 

64.6 

7.6 

14.0 
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was in this patient an increase in tlie total protein 
concentration of the serum (9.25 per cent). The 
liver was enlarged; the icterus index was 68.1; 
tlie cholesterol content was 250 nigni. per cent. 
Whether the large increase in /I globulin ('25.8 
per cent) could he attributed to the increased 
cholesterol, as Longsworth seems to tliink, was 
not cstabli.shcd. However, the patient when op- 
erated for cholelithiasis and cholecystitis (many 
gall stones were found in the gall bladder) showed 
in the liver focal areas of necrosis and pyknosis 
of the nuclei of liver cells. Judging b}' analogy 
with the other hepatitis, one is tempted to conclude 
that the increased beta globulin was a manifesta- 
tion of the hepatic disorder, confirmed by the 
microscopic examination. 

Alhumm-glohulhi ratios obtained by electropho- 
retic separation oj scntni proteins and by frac- 
tional precipitation 

Electrophoretic analyses of the serum proteins 
yield lower albumin and higher globulin deter- 
minations, and consequently lower albumin-glo- 
bulin ratios, than are obtained by fractional pre- 
cipitation (Table \’II). although occasionally the 
results may be identical by both methods. 

It should be emphasized that the albumin- 
globulin ratio or the serum globulin may appear 
normal as determined by precipitation but defi- 
niteh' abnormal in the distribution of the globulin 
fractions by electrophoretic analysis. This is 
most often obsen-ed in the acute parenchymatous 
diseases of the liver, in which the serum proteins 
are usually normal when determined by pre- 
cipitation, but markedly abnormal on electro- 
phoretic analysis. It is in these early acute stages 
of liver disease that these alterations of the 
globulin fractions are most frequently demon- 
strated electrophoreticalh', in spite of normal 
serum protein determinations on chemical analy- 
sis. This was clearly demonstrated in 3 cases 
of catarrhal jaundice (Table III, cases 32, 42, 68) 
and in 1 case of arsenical hepatitis (Table III, 
case 14), in which the serum globulin or the 
albumin-globulin ratio was normal by chemical 
analysis, while the globulin distribution was so 
a normal electrophoretically that gamma globulin 
increases of more than 100 per cent were observed, 
imilar but less frequent examples of abnormal 


TABLE vn 


Albumin-glohiilin ratios obtained by electrophoretic 
separation of serum proteins and by 
fractional precipitation 



Albumin 


rat JO 

Globulin 


'Electro- 

Er3.ction3.l 


phoresis 

precipitation 

Normal 

1.89 

2.31 

Normal 

1.90 

2.19 

Normal 

1.67 

1.65 

Normal 

1.69 

1.67 

■Acute hepatitis and cholangitis 

0.75 

1.01 

(biopsy) 

Catarrhal jaundice 

0.95 

1.00 

Catarrhal jaundice 

0.67 

1.76 

Catarrhal jaundice 

1.30 

1.38 

Catarrhal jaundice 

1.38 

1.73 

.Arsenical hepatitis (biopsy) 

0.81 

2.52 

Cirrhosis of li\'er with ascites 

0.65 

0.67 

(biopsy) 

Diabetes mellitus and cirrhosis of 



liver 

0.54 

0.54 

-Atrophic cirrhosis of liver (autopsv) 

0.56 

0.88 

Xanthomatosis and biliary cirrhosis 

0.83 

1.48 

(biopsy) 

Hvpertrophic cirrhosis of liver 

1.42 

1.36 

(autopsy) 



Carcinoma of pancreas with 

, 1.12 

1.52 

metastases to liver (biopsy) 
Carcinoma of rectum tvith 

0.86 

0.90 

metastases to liver (autopsy) 
Carcinoma of pancreas with 

0.65 

1.75 

metastases to liver (biopsy) 
Carcinoma of pancreas with 

0.81 

1.57 

metastases to liver (biopsy) 



Common duct stone 

1.98 

1.99 

Common duct stone 

1.72 

2.43 


globulin distribution with normal albumin-globu- 
lin ratios were seen in cirrhosis of the liver 
(Table IV, case 20) and in metastatic carcinoma 
of the liver (Table V, case 58). 

The differences in the albumin-globulin ratios 
obtained electrophoretically and hy fractional pre- 
cipitation are least discernable in cirrhosis of the 
liver. Here, the serum proteins are so definitely 
abnormal on chemical analysis that the albumin- 
globulin ratios determined b}- both methods ap- 
proximate each other closeH (Table VH). In 
metastatic carcinoma of the liver, however, the 
albumin-globulin ratios obtained electrophoretic- 
ally are more abnormal than' is suggested by the 
chemical determinations, while the A/G ratios 
in common duct stone are essentially the same by 
both methods of anah'sis, and are identical with 
the control studies. 
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DISCUSSION 

These studies indicate that the diseased liver is 
unable to produce albumin as readily as the 
normal liver, and the more severe the hepatic in- 
sufficiency, the greater is the impairment of al- 
bumin production. Consequently, in cirrhosis of 
the liver with severe diffuse hepatic damage, the 
protein abnormalties are more pronounced than 
in any other form of liver disease (Table IV). 
Albumin values below 40 per cent were observed 
in 6 cases of cirrhosis of the liver in the late 
stages of hepatic insufficiency, demonstrating the 
relationship of severity of disease to impairment 
of albumin production. The effect of external 
protein loss will be discussed later. In general, 
the mean serum albumin was lower in cirrhosis 
of the liver than in any of the other liver diseases. 

Although the degree of liver damage and 
hepatic insufficiency was considerably less in the 
patients with acute parenchymatous hepatic in- 
volvement, marked impairment of al]:)umin pro- 
duction was observed (Table III). The mean 
serum albumin determination was 48.5 per cent 
and values as low as 40.3 and 42.8 per cent were 
noted, although many of these patients were seen 
in the early stages of the disease, and none had 
ascites or albuminuria. 

Extensive carcinomatous involvement of the 
liver caused impaired albumin production, de- 
pending upon the degree of liver insufficiency. 
The lowest albumin value of 39.5 per cent was 
seen in a patient with extensive carcinomatosis 
of the liver, without ascites, observed on surgical 
exploratory examination (Table V, case 58). 
Values below 50 per cent were observed in 3 
other cases, in 1 of which, ascites was i^resent 
(Table V, case 57). The albumin determinations 
were not uniformly low in this group, however, as 
may be noted by such values as 52.7, 58.6, and 
60.6 per cent in cases with less extensive liver 
invoivement. 

The serum albumin determinations were essen- 
tially normal in 3 of the 5 cases of extrahepatic 
jaundice, although some impairment of albumin 
production, to 50.3 and 53.6 per cent, was seen in 2 
cases. Prolonged jaundice alone may cause early 
liver damage, and the decreased values may reflect 
these changes. 

It would appear from these observations that 


the serum protein clianges in liver disease result 
primarily from the inability of the liver to pro- 
duce normal serum proteins, ratlier than to e.\-- 
ternal loss of protein to the ascitic fluid. This is 
in agreement with the observations of several 
investigators. The albumin-globulin abnormali- 
ties may be as severe in the absence of ascites as 
in cases with massive ascites. This may be con- 
firmed by comparing albumin values of 40.3, 42,8, 
44.5, and 39.5, observed in patients with liver dis- 
ease without ascites, to albumin values of 52.8, 
58.8, 42.7, 39.9 and 39.6, noted in patients with 
ascites. In the 12 patients with cirrhosis of the 
liver, 6 had ascites and 6 did not. The mean 
albumin determination was 44.7 per cent in the 
former group, and 46.8 per cent in the latter, with 
as many albumin determinations below 40 per 
cent in one group as in the other. It must be 
concluded from these studies that although the 
protein abnormalities may be slightly more pro- 
nounced in the patients with ascites than without 
it, the abnormal protein determinations result 
primarily from the liver insufficiency itself. 

The more severe the impairment of albumin 
formation in the liver, the greater is the attempt 
by the body to compensate with an increased out- 
put of beta and gamma globulins, especially the 
latter. Consequently, in cirrhosis of the liver, 
where the albumin values are lowest, the gamma 
globulin determinations are highest, consituting 
44.4 and 49.0 per cent of the total protein in some 
cases, and averaging 29.3 per cent more than 
twice the normal gamma globulin value. 

The most consistent and characteristic globulin 
abnormality in liver disease is the increase in the 
largest molecular weight fraction, the gamma 
globulin, and the impaired production of the sma 
est molecular weight protein, the albumin. These 
changes are seen most frequentl}^, and to the f 
est degree, in cirrhosis of the liver, and next mos 
frequently, in the acute parenchymatous diseases 
in which the gamma globulin determinations o 
44.2 and 30.9 per cent were observed, 
the average for this group wms 25.9 per cent, 
least pronounced gamma globulin abnorma i 
occurred in cancer of the liver. The ga 
globulin values were all normal in extrahepa 
jaundice. 

The increased beta globulin values arc c i 
to interpret since the blood lipoids inigmte 
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ease studied, but to a r'bangL Beta 

frequency than ^ 22.5 per cent were 

globuhn values of 18.4, 20.0.^ ^ ^5.9 

obser\'ed m arrhosis 0 „-a„„s diseases, and 

per cent in the acute parenchymatous dise^ 

r8.6 PEI can. in — i tunlSnV 

Ss'^dufosis of liver, 3 of 

’b^ielofaite parenchymatous 

’"nlle U?e“ IT M 

'“Tt S: sIcTSfe rllUoy 

IL Lsed complete long-standmg bihary 

struction in 5 of the 7 cases. -everal cases 

It is interesting to obseiwe tha 
in which the serum alburn was ^bulin 

40 per cent), and the beta ^ decrease in 
did not sufficiently compensate 9 8 

albumin, the alpha globulin was 
per cent or more (Table IV, cases 2^ 35 4 

62), indicating that - b^ produc- 

liver do« not beta and gamma 

ing an increase in the lag , increase 

globulin fractions, it may then p 
of the smaller alpha globuHn as 
Abnormalities of the serum 
prominent in metastatic 

than in any other form . ^bis dis- 

This may be explained by 

ease there are areas of , ,. ^ssue, 

through and is very large, the 

S^TrotinTaJI not appreciably altered until 

the very late stages of nge in the serum 

Jaundice alone causes htUe chang 

proteins, as the icteric indices 

common duct stone. Altn & serum 

were quite Wgh in these paMnls, the sem 

globulins were essentially normal. 
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gSTS, tenTTobtained by fractional 

of t noLl aibumin-globubn ratio 

on chemical analysis. niore protein frac- 

3. An abnormality of ^'vo or mor p^^^ 

tions was observed m depended 

studied. The degree of abnormaUty aep 

Tnrmr'btlSS; aite.tion.of the 
^ Sns in liver disease is. a large increase 

^^T'anTSTf^Sellegree in drrhosis 
SlfbvTr a^d n^Iost frequenUy in the acute 

tcT^es in beta globuBn were 

observed in all types freouency than the 

siderably lesser degree and frequency 

gamma .'*^1 serum proteins are less 

psonnnen. in mat^tic >ha 

ton in any other form of 

n"ce°ai”oo“ produce significant 
serum protein changes. 
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URIC ACID CLEARANCE IN NORMAL PREGNANCY 
AND PRE-ECLAMPSIA^ 
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A rise in blood uric acid tvithout nitrogen re- 
tention is the most consistent blood chemical find- 
ing in pre-edampsia and eclampsia (1, 2). It is 
not knotvn whether this hj'peruricemia is of renal 
or metabolic origin. A disturbance of uric add 
metabolism in the liver has been suggested (1). 
The idea that it may result from an elevated blood 
lactic add has been shown to be untenable (3). 
Its possible relation to the hypertension in the dis- 
ease has been mentioned, since a similar hj'per- 
uricemia has been reported in essential hj'per- 
tension (4) and has been obtained experimentally 
(5) with the kidney pressor substance, renin. 

Previous eridence has not indicated that a re- 
duced uric acid excretion is of particular im- 
portance as a cause of the hyperuricemia. Cad- 
den and Stander (1) found that the uric add 
excreted daily in eclampsia was not essentially 
different from the normal. Nayar (6) reported 
a 13 per cent reduction in the uric add clearance 
in eclampsia, but this was associated ■with a 61 
per cent rise in the blood uric acid. However, 
recent reports (7 to 9) are in agreement that the 
glomerular filtration is reduced in these pregnancy 
toxemias. For this reason, we have investigated 
the uric add clearance in normal pregnancy and 
in pre-eclampsia to determine its role in the hyper- 
uricenfia of the disease. 

METHODS 

Ten patients with the clinical diagnosis of pre-eclampsia, 
and 12 who were clinically normal, were the subjects of 
this study. Three other patients with unclassified preg- 
nancy toxemia were also studied. Uric acid clearances 
were done on all patients in the last trimester, as close to 
term as possible. In 4 pre-eclamptic, 3 unclassified, and 
4 normal patients, the clearance "was repeated at about 8 
days postpartum. Most of the patients had renal ftme- 
tion studied by simultaneous inulin, diodrast, and urea 
clearances, which were reported elsewhere (9). 


^ Supported by a grant from the John and Mary R. 
Marlde Foundation. 


All patients were well hydrated in order to obtain a 
good urine flow.- They were given a liter of water to 
drink at bedtime the night before the clearance was to 
be determined, and 200 cc. at 5:00, 5:30, and 6:00 a.m. 
At 6 :20 a.m., a constant intravenous infusion of the inulin 
and diodrast solution was started and continued to the end 
of the test. At 7:00 ajn., the first clearance was begun 
after emptying the bladder by injecting^^SO to 100 cc. of 
air, 3 times. The starting time^-as taken after the last 
air injection. Usually, 3 urine collections of 15 to 30 
minutes duration were made. When the urine flow ■was 
below 2 cc. per minute, the urine was collected for periods 
up to 60 minutes. The bladder was emptied with air at 
the end of each urine collection. A blood sample was 
taken midway in both the first and third urine collections. 

All clearances were calculated using the maximum 
clearance formula with plasma values (except urea where 
whole blood values were used) and were corrected to a 
body surface area of 173 sq. M. The reported clearances 
were generally averages from 2 or 3 clearance periods 
taken on one day. In the case of uric acid, no clearance 
was averaged when the urine flow was below 1 cc. per 
minute, the augmentation limit assumed for uric acid by 
Brflchner-Mortensen (10). With inulin, no clearance 
■was averaged below a urine flow of about 1.1 cc. per 
minute.® No urea clearance was averaged below' a urine 
flow of 2 cc. per minute. 

Plasma tungstic add filtrates were prepared by adding 
45 cc. of water to 1 cc. of plasma, followed by 0.5 cc. of 
10 per cent sodium tungstate, and slowly adding 4 cc. of 
N/12 sulfuric arid. Uric arid was determined on this 
filtrate by the method of Folin (12, 13). Urine uric 
acid'* was determined by the direct method of Folin (13). 

® An 8 per cent mannitol infusion is recommended (8) 
as a diuretic for toxemia patients that give low urine 
flows. This was not used in the present study. 

® In the present series of normal pregnant patients, thb 
urine flow was about the limit belo-vv which the inulin 
clearance occasionally fell. Since Oiasis (11) found no 
decrease in the inulin clearance at a urine flow as low as 
0.6 cc. per minute in man, the present decreases were 
due to collection errors that occur especially in late preg- 
nancy (8, 9). 

^ * One of us (N. K. S.) will show elsewhere that prac- 
tically all the uric arid in human urine, as determined by 
the direct Folin method, is true uric arid, as determined 
by the unease method (14). The same has previously 
(2) been shown to be true for the blood uric arid in pre- 
eclampsia and eclampsia. 
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TABLE I 

Uric acid clearance in normal pregnancy 


Case 

Age 

Surface 

area 

Gra- 

vida 

Week of 
preg- 
nancy 

Blood 

pressure 

i 

Protein- 

urea 

Edema 

Plasma 
uric acid 

Blood 

urca-N 

Average 
urine flow* 

Plasma clearances 

Urea 

clearance 

Uric 

acid 

Inulin 


years 

SQ. M, 



mnt. Bg 



msm, 

-per cent 

mgm, 
per cent 

cc. per 
minute 

cc. per 
minute 

cc. per 
minute 

cc.Per 

minult 


ANTEPARTUM 


lA 

34 

1.63 


40 

115/78 

0 

0 

4.40 

7.8 

0.94 

28.3 

90 


2A 

30 

1.68 


38 


0 

0 

4.43 


2.82 

23.1 



3A 

37 

1.70 


36 


0 

0 

3.82 


2.36 

19.8 



4A 

32 

1.63 


39 


0 

0 

3.93 


2.47 

33.2 



5A 

35 

1.65 


40 

118/68 

0 

+ 

3.51 

7.4 

4.32 

29.8 

121 

126 

6A 

31 

1.87 


40 

128/100 

0 

0 

4.62 

6.0 

7.16 

21.3 

120 

97.3 

7A 

34 

1.66 

1 

32 

120/70 

0 

0 

2.89 

! 7.5 

2.12 

43.8 

150 

95.5 

8A 

40 

1.52 

4 

40 

128/80 

0 

0 

3.91 

7.5 

1.34 

38.3 



9A 

24 

1.52 

2 

36 

105/50 

0 

0 

3.84 

6.1 

1.44 

35.2 

131 

78.2 

lOA 

25 

1.60 

2 

32 

120/70 

0 

0 

2.67 

9.9 

4.94 

43.3 

115 

125 

llA 

38 

1.40 

5 

40 

120/70 

0 

0 

4.68 


4.44 

30.2 

67 

62.1 

12A 

32 

1.60 

3 

40 

120/75 

0 

0 

3.23 


4.44 

36.7 

144 

88.0 

Mean 








3.83 

7.8 

3.23 

31.9 


91.3 


POSTPARTUM 


SA 

6A 

9A 

13A 

Mean 


35 

■gH 


7t 

liiBB 

0 

0 

3.98 

12.3 

5.22 

34.8 

■Bl 

83.4 

31 



8 


0 

0 

4.26 

11.9 

5.49 

23.4 

HU 

71.7 

24 



9 


0 

0 

4.08 

11.8 

6.49 

32.3 


119 

21 

B|qH 

1 

9 

B@}^l 

0 

0 

4.41 

13.0 

1.96 

26.7 

HU 

86.5 


BH 






4.18 

12.3 

4.79 

29.3 

138 

90.1 


* Average urine flow only for uric acid clearance. 


t Days postpartum. 


When the urine contained an appreciable amount of pro- 
tein, the analysis was made after deproteinization with 
acetic acid and heat, or on a tungstic acid filtrate pre- 
pared by adding 3.5 cc. of water to 2 cc. of urine, fol- 
lowed by 0.5 cc. of 10 per cent sodium tungstate, and 
slowly adding 4 cc. of N/12 sulfuric acid. 

Plasma and urine inulin were determined by the method 
of Alving, Rubin, and Miller (15). Urea was determined 
on whole blood filtrate by the manometric hypobromite 
method of Van Slyke and Kugel (16). Urine urea plus 
ammonia was similarly determined (17) without remov- 
ing protein. 


RESULTS 

A summary of the clinical data and of the uric 
acid, inulin, and urea clearances is given in Table 
I for the normal patients and in Table II for the 
pre-eclamptic and unclassified groups. It is seen 
that the antepartum plasma uric acid was elevated 
in most of the pre-eclamptic cases and that the 
mean (5.29 mgm. per cent) was 38 per cent higher 
than the mean for the normal group (3.83 mgm. 
per cent).. The uric acid clearance showed a de- 
crease in the pre-eclamptic group commensurate 


with the increase of blood uric acid. The ante- 
partum normal clearance averaged 31.9 cc. per 
minute as compared with 21.9 cc. per minute for 
the pre-eclamptic group, a decrease of 31 per cent. 
Despite considerable variation of the values m 
both groups, both the decrease of the clearance 
and the elevation of blood uric acid in the pre- 
eclamptic group were statistically significant 
(Table III). Thus, the “significance of the dif- 
ference of the means” was 2.5 for the uric aci 
clearance and 3.8 for the blood uric acid. T^e 


distribution of the uric acid clearance values is 
shown in graph form in Figure 1. It is apparen 
that the pre-eclamptic clearances are genera y 
lower than the normal clearances at all urine flows- 
Since pre-eclamptic patients usually begin to 
recover after delivery and show a gradual retu^ 
of the blood uric acid to normal, the effects o t ^ 
disease may also be shown by comparing 
antepartum and postpartum values. In 4 pr£^ 
eclamptic patients, the average blood uric aci 
about 10 days postpartum was 4.54 mgm. pon 
































URIC ACID CLEARANCE IN PREGNANCY 


203 


TABLE II 

Uric acid clearance in pre-eclampsia and unclassified pregnancy toxemia 


» 


Case 

MHd or 
severe 

Ase 

Sur- 

face 

area 

Gra- 

x'Jda 

Week of 
preg- 
nancy 

Blood 

pressure 

Protein- 

urea 

Edema 

Plasma 

uric 

add 

Blood 

nrea- 

N 

Average 

urine 

fiOVP^ 

Plasma clearances 

Urea 

dearance 

Uric 

add 

Inuliu 

ytars Iff. if. 

nn. Hg 



mgm. 
Per ccnl 

tn/m. 
Per ccnl 

cc. per 
minute 

cc. per 
minute 

cc. per 
minute 

cc. per 
minuSe 


ANTEPARTUM PRE-ECLAMPSIA 


IB 

M 

25 

1.69 

4 

26 

150/94 

+++ 

*l“ + 

3.92 


2.80 

14.8 



2B 

M 

32 

1.86 

1 

40 

150/100 

-h-i- 

Tr. 

5.54 

11.9 

3.98 

23.3 

96 

56.1 

3B 

M 

35 

1.99 

8 

40 

135/90 


Tr. 

6.92 


1,47 

12.8 

84 


4B 

S 

20 

1.53 

1 

38 

150/112 

+++ 

++ 

4.23 

8.6 

3.26 

18.8 


38.7 

SB 

S 

23 

1.69 

3 

28 

152/102 

+++ 

+++ 

4.63 

8.7 

3.34 

35.2 


74.0 

6B 

s 

34 

1.66 

1 

37 

160/100 

Trace 

0 

3.95 

7.3 

2.98 

36.7 

150 

108 

7B 

s 

27 

1.68 

1 

39 

142/94 

f* 

0 

5.39 


1.31 

34.7 

141 


8B 

s 

22 

1.73 

1 

38 

140/90 

++ri — h 

Tr. 

5.93 


2.25 

22.1 

107 

74.2 

9B 

s 

31 

1.64 

2 

40 

140/90 

+++-f- 
+++ + 

Tr. 

7.12 


1.01 

12.9 

43 


lOB 

s 

22 

1.73 

1 

36 

150/100 

++ 

5.27 


1.10 

7.8 

38 


Mean 








5.29 

9.7 

2.35 

21,9 

94 

70.2 

Percentage difference from antepartum normal pregnancy 


-f38.1 

-i-24.4 

-27.2 

-31.3 

-19.7 

-23.1 


POSTPARTUM PRE-ECLAMPSIA 


2B 

M 

32 

1.75 

1 

8t 

140/90 

Trace 

0 

3.81 


4.47 

22.2 

122 

67.5 

6B 

S 

34 

1.59 

1 

11 

123/75 

0 

0 

4.43 

8.1 

4.92 

33.3 

37 

60.4 

7B 

S 

27 

1.59 

1 

10 

130/95 

Trace 

0 

4.45 

12.5 

5.46 

31.7 

95 

. 66.9 

9B 

■ s 

31 

1.53 

2 

10 

110/90 

Trace 

0 

5.48 

12.3 

6.27 

36.2 

146 

113 

Mean 









4.54 

10.6 

5.28 

30.9 

100 

77.0 


ANTEPARTUM UNCLASSIFIED TOXEMIA 


1C 

22 

1.52 


2 

38 

135/90 

+++ 


7.13 


1.38 

14.3 

113 


2C 

25 

1.91 


2 

'34 


Trace 


3.84 


1.46 

23.6 

97 


3C 

24 

1.83 


2 

39 


++++ 

1 Tr. 1 

5.24 

8.6 

4.41 

15.0 

58 

73.4 

Mean 








5.40 

8.6 

2.42 

17.6 

89 

73.4 


POSTPARTUM UNCLASSIFIED TOXEMIA 


1C 

2C 

3C 

Mean 


22 

1.43 


2 

6t 

140/90 

-h 

0 

3.27 


2.99 

37.4 

129 

91.6 

20 

1.85 


2 

9 

130/90 

-h-i- 

0 

3.98 

10.4 

6.33 

27.0 

142 

94.9 

24 

1.78 


2 

6 

140/90 

Trace 

0 

4.64 

10.4 

9.22 

20.4 

160 

51.0 





• 


3.96 

10.1 

6.18' 

28.3 

144 

79.2 


* Average urine flow only for uric add dearance. 


t Days postpartum 


TABLE in 

Sialistical summary of antepartum uric acid clearance and blood uric acid data 



1 

Namber 
of cases 

Range 

Mean 

1 

Cm 

^ Significance of 
difference of means 

Plasma uric add 
clearance 

Normal pregnancy 

12 

19.8 to 43.8 

31.9 

7.67 

2.22- 

f 

2.5 

. 

Pre-eclampsia 

10 

7.8 to 36.7 

21.9 

10.51 

3.33 

Plasma uric acid 

Normal pregnancy 

12 

2.67 to 4.68 

3.83 

0.628 

0.182 


~~ 

Pre-edampsia 

10 

3.92 to 7.12 

5.29 

1.08 

0.343 

3.8 


1 
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Fig. 1. Distribution of Uric Acid Clearances in Antepartum Normal Pregnancy and in Toxemic 

Pregnancy 


as compared with their antepartum value of 5.50 
mgm. per cent, or a rise of 21 per cent antepartum. 
The uric acid clearance postpartum was 30.9 cc. 
per minute and antepartum, 26.9 cc. per minute, 
or a decrease of 13 per cent antepartum. In 3 
normal patients, the postpartum values differed 
by only a small percentage from their antepartum 
values. 

One normal patient (case 7 A) was of particu- 
lar interest in that she subsequently developed 
severe pre-eclampsia (case 6B). The normal 
uric acid clearances determined in both the 31st 
and 33rd weeks of pregnancy were the same, 43.8 
cc. per minute. The toxemic clearance in the 37th 
week of pregnancy was 36.7 cc. per minute, a de- 
crease of 16 per cent. The blood uric acid rose 37 
per cent. The postpartum changes showed a 
further decrease in the clearance with a rise in 
the blood uric acid. 

The 3 unclassified toxemia patients also showed 
an antepartum hyperuricemia (-+-41 per cent) 
and decreased uric acid clearance ( 45 per cent) 

relative to the normal group, and with correspond- 
ing changes of -f- 36 and — 38 per cent when com- 
pared with their postpartum values. 


The inulin clearance, studied in 8 normal and 7 
pre-eclamptic patients, was rendered 20 per cent 
in the toxemic group antepartum and rose post- 
partum. The urea clearance was reduced 23 per 
cent and the blood urea was increased 22 per cent 
in 6 cases of antepartum pre-eclampsia as com- 
pared with 7 normal cases. 

DISCUSSION 

It would appear from the finding of a decrease 
of about one-third in the uric acid clearance as 
sociated with a similar increase in the blood nric 
acid in pre-eclampsia, that a reduced clearance o 
this substance primarily accounts for the hyper 
uricemia. Additional evidence is given by 
postpartum fall in blood uric acid and rise in ^ 
clearance in- the toxemic group and by the c lang 
found in one patient before and after ^ 

pre-eclamptic. Also consistent with this is 
the 3 toxemic patients (cases 3B, 9B, 1 ) 
the highest blood uric acid values had a 
decrease in the uric acid clearance antepartum 
the greatest rise postpartum (cases 8B, ■ 

Their average blood uric acid was 7.05 mg • f ^ 
cent, or 84 per cent higher than normal, and 
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average clearance was 13.3 cc. per minute, or 58 
per cent lower than normal. 

The data on the inulin clearance in pre-ec- 
lampsia agree with previous reports (7 to 9) of 
a diminished glomerular filtration in tlie disease 
and indicate the probable origin of the decreased 
uric acid and urea clearances. The reduction in 
the urea clearance is also in agreement with previ- 
ous reports (18 to 20). The absence of an ele- 
vated blood urea (relative to the nonpregnant 
normal value) when the blood uric acid is raised 
in pre-eclampsia is apparently due to the fact that 
pregnancy normally lowers blood urea but not 
blood uric acid (21). 

While Nayar (6) found a decreased uric acid 
clearance ( — 13 per cent) in eclampsia, consistent 
with the present work, his failure to obtain a 
commensurate rise in blood uric acid (he found 
-}- 61 per cent) was probably due to several 
causes. Above all, the urine flows in his series 
(average in normal pregnancy = 0.56 cc. per min- 
ute, average in eclampsia = 0.74 cc. per minute) 
were at a level where collection errors are likely 
to occur (see footnote 3). Also he assumed that 
the augmentation limit for uric acid was the same 
as that for urea, 2 cc. per minute, whereas Brpich- 
ner-Mortensen (10) has shown that it generally 
lies beUveen 0,5 cc. and 1 cc. per minute and has 
taken it to be 1 cc, per minute. Some diflcerence 
in the blood uric acid behveen his and our series 
might be expected from the fact that his patients 
had eclampsia and ours had pre-eclampsia. For 
example, an elevated blood lactic acid from the 
eclamptic convulsions might temporarily raise the 
blood uric acid (3). However, the hyperuricemia 
of both pre-eclampsia and eclampsia is believed to 
be due fundamentally to the same cause. 

SUMMARY 

The average plasma uric acid clearance in 12 
cases of antepartum normal pregnancy was 31.9 
cc. per minute, and in 10 cases of antepartum pre- 
eclampsia, it was 21.9 cc. per minute, or a reduc- 
tion of 31 per cent in pre-eclampsia. The average 
plasma uric acid in the corresponding groups was 
3.83 and 5,29 mgm. per cent, or an increase of 38 
per cent in pre-eclampsia. These changes, which 
are statistically significant, indicate that the hyper- 
uricemia of pre-eclampsia (and eclampsia) may 
be due to a decrease in the uric acid clearance. 


The inulin and urea clearances were reduced 
simultaneously with the uric acid clearance in 
pre-eclampsia, and indicate that the decreased 
uric acid and urea clearances were due to a reduc- 
tion in glomerular filtration. 

The absence of an elevated blood urea when the 
blood uric acid is raised in pre-eclampsia is ap- 
parently due to the fact that pregnancy normally 
lowers blood urea but not blood uric acid. 
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A Study of Wright-stamed sm^rs o ^ 

:um from patients wth pneu j^^^rsion 

that the number of prognosis (D- 

field may be used as a e^oUndividual 

Furthermore, the specific^ ^^ifonamides can be 
patients to serum and _ sputum at in- 

readily followed by While 

tervals during the course , q( therapy is 
the end result of both of in the 

a reduction in the num e accomplished 

sputum and in the lungs ( )• ^ therapeutic 

in a different manner by I pa- 

agents. Adequate serum, ^“^atiln of 
tients, brings about a promp 

pneumococci in the spu^m w.*m 6^0 ^ 

TWs is usually folowed 
gradual reduction m t ^ ^ 

Ler a period of several's ^3,^4)^. 

fonamides, on the other ^ pnifested by a reduc- 
teriostatic effect which is 12 to 

tion in the number . obtained in the 

36 hours. 

sputum, ^ _ges where drug-fastness 

ent, --pyn -r communication, the 

develops (3. =, o)- “ , prognostic 

sputum counts wll be -ored clinical and 

significance with bacteremia, dura- 

laboratory entena, such typ , degree 

tion of disease, leukocyte count, age, eg 

of involvement. 


method 
Specimens we obumed 

the hospital and at bloody sputum. Thm 

riod of production of representative rusty por- 

smears were made directly r -Wright’s blood 

tions and were immediately treated with 


- - . 2 TVip *;ta.in W3S flooded off with- 

stain for 3 to _S the slides were air dried 

out the addition of butte usually visualized 

The capsules of the pn^ the dark 

„ dear or pal. p» and «.= 

from ft. „Soi,ma after fta. 

Rusty sputum, ^„sisSt results. Satis- 

pneumococci, gave th ^ gQ gr cent of the 

factory The r^hiing 10 per 

type I through P rusty sputum and were, 

cent of the cases faded P Frankly purulent 

therefore, excluded roin pneumococci which 

specimens contained a^ gjhijcal course or outcome of 

.piftelial «ll! “ *”j'Jf,,^..Mar’BL■<datedtneo- 

fields on the slid^ contained 10 to 15 leukocytes 

a Nanisms other than pneumococci 
or red blood ceiis, , { the pneumococa were 

were specimens of sputum were 

distinctly visible. ^ decreased progressively ; 

^ “ ft 

prtorU?^™ .0 p~r aampl- "I”' » '™” “ 

“tfoLa of ft. forsofts »1»»t "3 

dSiSrf .ixoraftB to ft. Weltftt M”“" .1? SI 

!. rime during the production of rusty sputum. This 

fount was used whether or not the numter 
was subsequentiy reduced as a result of treatment A1 
^gT^rpati^ts showed an inaease - spu^ c^n 
duS the period of hospitalization, the classification of 
cases on the basis of their highest count did n^ 

S^erSly affect the final results. Patients whose sputum 
counts did not exceed 10 per oil immersion field were 

Slirf to stoop A; ftot. wi* 11 ft 30 ots»»™= ojot' 

placed in group B ; those with counts rangmg from 31 to 


by o Sfto. “irerSn 

to the Michigan Department of Heaitn ^ 


z Watery specimens were permitted to dry before the 
addition of stain. 
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75 were included in group C; and those with more than 
75 pneumococci were placed in group D.s 

RESULTS 

The following report is based upon 678 roent- 
genographically proved cases of pneumococcic 
pneumonia, admitted to the Detroit Receiving 
Hospital between January of 1938 and May of 
1942. It includes all patients, except type III,'* 
in whom the sputum was studied, irrespective of 
complications, length of hospitalization, and cause 
of death. Of the total cases studied, 78 per cent 
(groups A and B) were classified as mild to 
moderately severe, and 22 per cent (groups C and 
D) as severe to overwhelmed. Table I reveals 
the close correlation between the number of pneu- 
mococci per field in rusty sputum and the out- 
come of the pneumonia. The fatality rate, as 
shown in Table I, was only 2 per cent in group 
A, 9 per cent in group B, 30 per cent in group C, 
and 77 per cent in group D. These significant 
differences obtained, despite the fact that the ma- 
jority of cases in group A received either suppor- 
tive therapy or small doses of serum, whereas 


TABLE I 

Classification of cases by sputum groups 


Sputum 

group 

Highest 

sputum 

count 

Cases 

Deaths 

Num- 

ber 

1 

Per cent 
of total 

Num- 

ber 

Per cent 
fatality 

A 

10 or less 

320 

47 

6 

2 

B 

11 to 30 

210 

31 

18 

9 

C 

31 to 75 

101 

15 

30 

30 

D 

76 and over 

47 

7 

36 

77 

Total 


678 

100 

90 

13 


most of the cases in groups C and D received 
intensive chemotherapy, often supplemented by 
serum. Treatment was withheld from many 
patients in group A because one phase of this 
study was concerned with the evaluation of the 
sputum findings as a guide to specific therapy (7). 

An analysis of the outcome in reference to ther- 

3 In previous publications, only 3 groups were listed, 
but tlie number of cases has now made possible the sep- 
aration into 4. This change also necessitated a shift in 
the range of sputum counts within a given group in order 
to make the differences statistically significant. 

* The type III cases will be considered separately. 


apy is presented in Table II. The fatality rate 
in group A was as low with supportive therapy as 
it was with serum, sulfanilamide, and even with 
more modern chemotherapeutic agents. In group 
B, the clinical response to sulfapyridine, sulfa- 
thiazole, and sulfadiazine was usually more dra- 
matic than with serum or sulfanilamide, but the 
final fatality rates of 9 and 7 per cent were essen- 
tially the same. The superiority of modern chemo- 
therapeutic agents became evident in cases with 
more than 30 pneumococci per field. In group C, 
the fatality rate was 52 per cent with the older 
methods of treatment as compared with 20 per 
cent when sulfapyridine, sulfathiazole, or sulfa- 
diazine was used. In group D, the corresponding 
figures were 94 per cent and 68 per cent. The 
use of serum in conjunction with the more recent 
chemotherapeutic agents was no more effective 
than chemotherapy alone in cases with sputum 
counts over 30 per field (Table 11). 

The prognostic significance of the type of pneu- 
mococcus has been stressed in the literature. In 
the present study, we obtained a fatality rate of 
11 per cent for type I and 20 per cent for type 
II, which is representative of the trend in other 
published reports. A breakdown of these figures 
to permit a comparison of cases whose sputum 
counts fell within the same range (Table HI) 
has shown that the fatality rates of type I 
type II pneumonias were essentially the same as 
the composite figures for other types. Thus the 
fatality for cases with less than 30 pneumococci 
per field (groups A and B) was 5 per cent for 
type I, 4 per cent for type II, and 5 per cent 'for 
other types. The respective figures for cases wit 
31 to 75 pneumococci per field (group C) ^rere 
29 per cent, 33 per cent, and 30 per cent. T e 
higher fatality rate for the entire group of j 
type II pneumonias may be explained by the ac 
that sputum counts above 30 were found in 
per cent of the type II cases and in only 18 P^t 
cent of the type I cases. The results with typ^ 
VII and VIII were similar to those obtained tor 
type I. It is therefore apparent that the 
of the pneumonia is more closely related to 
sputum count than to the type of pneumococcu^^ 
The unfavorable prognostic significance o 3 
teremia is universally recognized. Oor ata i 
rate of 6 per cent among 453 cases with nega 
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TABLE n 

The reJalion of therapy to sputum counts 


Sputum'group 



A 

B 

C 

D 

Therapy 





1 



1 



1 



Cases 

Deaths 

Cares 

Deaths 

Cases 

Deaths 

Cajea 

Deaths 


Kum* 

Num- 

Per cent 

Kum- 

Kura- 

Percent 

Num- 

Kura- 

Per cent 

Num- 1 

Kura- , 

Percent 


ber 

ber 

fatality 

ber 

ber 

fatality 

b€r 

ber 

fatality . 

b^ 

bi- j 

fatality 

Supportive 

75 

1 

1 

2 

0 


1 

n 

■mm 

3 

n 


Serum 

105 

2 

2 

16 

1 

6 

13 



6 



Sulfanilamide 

33 

0 


22 

2 

9 

15 



5 



Drug and serum* 

6 

0 


2 

0 


2 

■1 


2 

mm 


Total 

219 

3 

1 

42 

3 

7 

31 

16 

52 

16 

15 

94 

Sulfap>Tidine 

36 

2 


47 

3 

6 

11 

2 


5 

5 


Sulfathiazole 

46 

0 


106 

9 

9 

38 

7 

19 

9 

5 


Sulfadiazine 

15 

0 


7 

1 


5 

0 


2 

I 


Drug and serum* 

4 

1 


8 

2 


16 

5 


15 

10 


Total 

101 

3 

3 

168 

IS 

9 

70 

14 

20 

31 

21 

68 

Grand Total 

320 

6 

2 

1 

210 

18 

9 

101 

30 

30 

47 

36 

77 


• The tem drug and serum refers to serum plus sulfanilamide in contrast to serum plus sulfapyridine, sulfathiazole, 
or sulfadiazine. 


blood cultures, as compared with 28 per cent 
among 225 cases with positive cultures, is repre- 
sentative of reports in the recent literature. A 
breakdown of these figures, however, according 
to sputiun count (Table IV) revealed only minor 
differences in the fatality rates of bacteremics and 
non-bacteremics whose sputum counts fell within 
the same range. Thus, in group A, the fatality 
rate was 2 per cent with negative blood culture 
and only 5. per cent with positive blood culture. 
In group B, the death rate was 8 per cent among 
non-bacteremics as compared with 10 per cent 
among bacteremics. In group C, the correspond- 


ing figures were 23 per cent and 34 per cent; in 
group D, 83 per cent and 76 per cent. The 
greater disparity in bacteremic and non-bacteremic 
fatality rates for the series as a whole may be 
largely explained by the fact that 45 per cent of 
the bacteremics and only 10 per cent of the non- 
bacteremics fell into groups C and D, which show 
a high fatality irrespective of blood culture. It is 
thus apparent that the outcome of pnetunonia is 
correlated more closely with the number of pneu- 
mococci in the sputum than with the presence or 
absence of bacteremia. 

Quantitative blood cultures were done in 165 


TABLE ra 

The rdation of type to sputum counts 



Type I 

Type II 

Other types 

Sputum 

! Cases I 

Deaths 

Cases 

DeaUu 

Cases 

Deaths 

. croup 










Number 

Per cent of 
total 

Per cent 
fatality 

Kumber 

Per cent of 
total 

Per cent 
fatality 

Number ; 

Per cent of I 
total 

Percent 

fatality 

A 

73 

46 

4 

46 

39 

2 

320 

47 

2 

B 

57 

36 

5 

34 

29 

6 

210 

31 

0 

C 

21 

13 

29 

24 

20 

33 

101 

IS 

30 

D 

7 

5 

90 

14 

12 

93 

47 

7 

77 

Totals 

158 

23 

11 

118 

17 

20 

678 

100 

13 

1 
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TABLE IV 

The relation of bacteremia to sputum counts 



Blood culture negative 

Blood culture positive j 

Totals 

Sputum 


Cases 

1 

Deaths 


Cases 

Deaths 


Cases 

Deaths 

group 













Num- 

1 

Per cent of 

Num- 

Per cent 

Num- 

Per cent of 

Num- 

Per cent 

Num- 

Per cent of 

Per cent 


ber 

total 

ber 

fatality 

ber 

total 

ber 

fatality 

ber 

total 

fatality 

- A 

276 

61 

4 

2 

44 

20 

2 

5 

mm 

47 

2 

B 

131 

29 

10 

8 

79 

35 

8 

10 


31 

9 

C 

40 

9 

9 

23 

61 

27 

21 

34 

101 

15 

30 

D 

6 

1 

5 

83 

41 

18 

31 

76 

47 

7 

77 

Totals 

453 

67 

28 j 

6 

225 

33 - 

62 

28 

678 

100 

13 


of the 225 cases with bacteremia.® The fatality 
rate was 19 per cent among 137 cases with less 
than 50 pneumococci per cc. of blood. A break- 
down of these cases according to sputum counts 
revealed a fatality of 8 per cent in 89 cases classed 
in groups A and B, as compared with a rate of 
35 per cent in 48 patients classed in groups C and 
D. These data did not differ markedly from the 
5 per cent fatality rate for the entire series of 
530 cases falling into groups A and B, and the 
44 per cent fatality rate for the entire series of 
148 cases falling into groups C and D and offer 
further support to our contention that the out- 
come of pneumonia is correlated more closely with 
the number of pneumococci in the sputum than 
with the presence or absence of minor grades of 
bacteremia. The statistics for blood cultures ex- 
ceeding 50 per cc. were inconclusive because of 
the small number of cases, but conformed with the 
generally accepted view that high grades of bac- 
teremia have an unfavorable effect on prognosis. 
The fatality rate among 28 such cases was 75 per 
cent. A breakdown of these 28 cases according 
to sputum counts revealed 2 deaths (40 per cent) 
among 5 patients classed in groups A and B, and 
21 deaths (91 per cent) among 23 cases in groups 
C and D. An analysis of the deaths showed that 
those in groups A and B were attributable chiefly 
to complications, whereas the majority in C and 
D were due to pneumonia per se. 

In Table V, the results are analyzed according 
to the sputum count and the duration of the pneu- 
monia prior to therapy. A study of this table 
reveals that the fatality rate was uniformly low 

BWe are indebted to Dr. Daniel Hasley for the data 
on quantitative blood cultures. 


in group A and high in group D, regardless of 
the duration of the disease before the institution 
of therapy. The fatality rate in groups B and C 
was intermediate between A and D in both the 
early and late pneumonias, but tended to be lower 
when treatment was instituted prior to the fourth 
day. It should also be noted that the duration of 
the disease determined to some extent the group 
to which the patient belonged, since only 14 per 
cent of cases ill less than 48 hours fell into C and 
D, whereas 39 per cent of those with onsets of 
144 hours and over were classed in these groups » 
however, the outcome of the pneumonia was cor- 
related more closely with the sputum counts than 
with the duration of the disease prior to therapy- 
The results in reference to sputum and leuko- 
cyte counts are recorded in Table VI. It is gen 
erally recognized that the prognosis is poor m 
pneumonias associated with white cell counts be 
low 5,000 per c. mm. of blood. This was espe 
cially true before the introduction of modern 
chemotherapy. Our fatality rate of 42 per cent 
in 36 such cases, as compared with 10 per cent in 
505 cases with leukocytosis, is representative o 
the trend in other published reports; however, a 
breakdown of the cases according to 
counts showed a much closer correlation o 
fatality rate with the number of pneumococci i^ 
the sputum than with the leukocyte count. ^ 
were no deaths among the 15 cases with cn 
penia which showed less than 30 pneumococci p 
field whereas there were 15 deaths j 

among the 21 leukopenic cases which showe m 
than 30 organisms per field. The apparen 
crepancy in the fatality rates for the entire s 
of cases of leukopenia and leukocytosis can 
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TABLE VH 


The relation of age to sputum counts 




Age S to 29 years 


Age 30 to S4 years 

Age SS years and over 


Totals 

— 

sputum 

group 

1 

Cases 

Deaths 

Cases 

Deaths 

Cases 

I Deaths 

Cases 

DeaUis 


Num- 

Per cent 

Num- 

Per cent 

Num- 

Per cent 

Num- 

Per cent 

Num- 

Per cent 

Num- 

Per cent 

Num- 




ber 

of total 

ber 

fatality 

ber 

of total 

ber 

fatality 

ber 

of total 

ber 

fatality 

ber 

of total 

fatality 

A 

110 

58 

0 

0 

180 

45 

3 

2 

30 

34 

3 

10 

320 

47 

2 

B 

60 

32 

1 

2 

124 

31 

9 

7 

26 

29 

8 

31 

210 

31 

9 

C 

17 

9 

5 

29 

66 

16 

17 

26 

18 

20 

8 

44 

101 

15 

30 

D 

2 

1 

2 

100 

30 

8 

23 

77 

15 

17 

11 

73 

47 

7 

77 

Totals 

189 

28 

1 

8 

4 

400 

59 

52 

13 

89 

13 

30 

34 

678 

100 

13 


plained .by the fact that 58 per cent of the former 
and only 14 per cent of the latter fell into groups 
C and D. 

The relationship between the sputum counts 
and the age of the patients is shown in Table VII. 
A breakdown of the cases according to sputum 
groups revealed that the fatality rates correlated 
more closely with the number of pneumococci than 
they did with the factor of age. The progressive 
rise in fatality with age could be attributed in part 
to the distribution of cases within a given sputum 
group.- Thus, 37 per cent of the oldest patients 
belonged to C and D whereas only 10 per cent of 
the youngest patients fell into the same groups. 
The patients aged 55 and over were of particular 
interest because the death rates of 10, 31, and 44 
per cent were higher than the average values of 2, 
9, and 30 per cent for groups A, B, and C, respec- 
tively. These discrepancies could be partially ac- 
counted for by the greater incidence of serious 
associated diseases such as cardiac failure, renal 
insufficiency, cirrhosis, and carcinoma in the group 
over 54 years of age. 


In Table VIII, the results are analyzed accord- 
ing to sputum count and extent of the consolida- 
tion as revealed by physical examination and ro- 
entgenogram on admission to the hospital. When 
fatalities were calculated separately for cases with 
consolidation limited to one lobe and for those 
showing involvement of two or more lobes, a 
greater deviation from the average fatality within 
sputum groups was found than for any other fac- 
tor studied. Thus, in group A, the fatality rate 
was 1 per cent when the pneumonia was confined 
to a single lobe and 8 per cent when it involved 
more than one lobe; in group B, the correspond- 
ing figures were 3 per cent and 22 per cent; m 
group C, they were 17 per cent and 47 per cent; 
and in group D, 56 per cent and 90 per cent. 
These data indicate that the degree of involvement 
before therapy was a significant factor in the out- 
come of the pneumonia irrespective of the sputum 
count. Extension of the process to, additional 
lobes during the course of treatment occurred m 
only 13 per cent of the cases in groups A and B, 
and in 41 per cent of those in groups C and B- 


TABLE VIII 


Sputum 

group 

1 One or less lobes 

More than one lobe 

Totals 

Cases 

Deaths 

Cases 

Deaths 

Cases 

Deaths 

Num- 

ber 

Per cent of 
total 

Num- 1 

ber 

Per cent 
fatality 

Num- 

ber 

Per cent of 
total 

Num- 

ber 

Per cent 
fatality 

Num- 

ber 

Per cent of 
total 

Per cent 
fatality 

A 

B 

C 

D 

282 

151 

58 

18 

55 

30 

11 

4 

3 

5 

10 

10 

1 

3 

17 

56 

38 

59 

43 

29 

23 

35 

25 

17 

3 

13 

20 

26 

8 

22 

47 

90 

320 

210 

101 

47 

47 

31 

15 

7 

2 

9 

30 

77 

13 

Totals 

509 

75 

28 

6 

169 

25 

62 

37 

678 

100 
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Sterile effusion, hepatitis, or purulent complica- 
tions developed in 11 per cent of the cases in A 
and B, and in 32 per cent of those in C and D. 

DISCUSSION 

The correlation of the sputum counts with other 
established criteria of prognostic significance was 
undertaken with the expectation that all factors 
would contribute substantially to the final fatality 
rate in pneumonia. It was surprising to find that 
tj-pe, bacteremia, leukopenia, and late pneumonia 
were of minor importance when the cases were 
broken down according to the number of pneu- 
mococci in the sputum (Tables III, IV, V, and 
VI). These factors have gradually lost their 
prognostic significance with the advent of more 
effective forms of therapy. The increased fatality 
rates that still prevail in the presence of bac- 
teremia leukopenia, etc., can be explained in part 
by their frequent association ■vvith high sputum 
counts. Thus, the fatality of 28 per cent among 
bacteremics was principally due to the fact that 
45 per cent of the cases fell into the sputum groups 
C and D which accounted for 52 of the 62 deaths. 
On the other hand, the relatively low non-bac- 
teremic fatality rate of 6 per cent was largely due 
to the fact that only 10 per cent of the patients 
fell into groups C and D. This small minority 
accounted for half of the non-bacteremic deaths, 
but their significance was statistically obscured by 
the remaining 90 per cent of the cases in groups 
A and B. Actually, the fatality rate was over 
three times as high among the 46 patients with 
negative blood cultures in groups C and D as that 
among the 123 cases with positive blood cultures 
in groups A and B. The differences in fatality 
among the common types of pneumococci could 
also be explained on the basis of the percentage 
distribution of cases in the various sputum groups. 
The abnormally high fatality rates in patients wth 
types II and III pneumonia have, in the past, been 
responsible for the emphasis placed on type. The 
, outcome in type III can be attributed, as shown in 
, the following paper, to the capacity of this pneu- 
' mococcus to form excessive amounts of capsular 
/ polysaccharide in the sputum and lungs, whereas 
j the present study has shown that the fatality in 
) type II pneumonia was due (Table III) to the 

^ greater proportion of cases with more than 30 

; pneumococci per field, as compared ■with other 


types. The fact that the capsule of the type II 
pneumococcus is larger than any other except that 
of type III may be responsible for its ability to 
multiply in the lung and thus for the higher in- 
cidence of cases with sputum counts over 30. 
From a practical point of view, the outcome in 
type II, as in types other than III, depends pri- 
marily on the number of pneumococci in the 
sputum of a particular patient during the course 
of the pneumonia. 

The results of the analysis have revealed that 
age and the degree of involvement were factors 
which significantly influenced the fatality rates 
mthin the four sputum groups. The increase in 
fatality with age was due chiefly to a correspond- 
ing rise in the incidence of groups C and D and 
partially to the degenerative diseases associated 
with old age. Some of the critically ill patients 
over 54 years of age produced a purulent sputum 
which never became rusty. These patients were 
unsuitable for study bj^ the present method and it 
is entirely possible that they may ultimately be 
placed in a separate and distinct category. We 
were surprised to find that the extent of consolida- 
tion was next in importance to sputum count in 
determining the outcome of the pneumonia. 
When fatality rates were calculated by sputum 
groups, significant differences were noted between 
the cases with consolidation limited to one lobe 
and those with involvement of two or more lobes. 
These findings suggest that the outcome of pneu- 
mom'a may be even more closely related to the 
total number of pneumococci in the two lungs 
than to their concentration in rusty sputum. 
There is some ewdence to support this view since 
autopsy studies of fulminating cases have shown 
that pneumococci are distributed fairly uniformly 
throughout areas of gray hepatization, red hepa- 
tization, and inflammatorj’^ edema (2). There- 
fore, one nught expect to find more pneumococci 
in the lungs \vith multiple than with single lobe 
involvement even though the sputum counts are 
the same. Another factor which may contribute 
toward the higher fatality' rate is the degree of 
anoxemia associated with extensive pneumonia. 

The utilization of the sputum as a method of 
prognosis in pneumonia has simplified the statis- 
tical approach to this disease. Because of the 
narrow fatality ranges involved, the generally ac- 
cepted practice of alternating cases and analyzing 
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them by type, bacteremia, leukopenia, lobe in- 
volvement, duration of disease, therapy, etc., re- 
quires unusually large numbers of patients in 
order to prove the significance of any particular 
factor. The division into sputum groups, how- 
ever, permits an unlimited range of fatalities de- 
pending only upon the number of cases studied. 
Such a classification could be duplicated by vari- 
ous investigators and in all probability would not 
be influenced by seasonal, yearly, or community 
variations in the virulence of the disease, nor 
would the usual separation, according to type, 
bacteremia, leukocyte count, or duration of the 
disease, be required in order to obtain statistically 
significant results. Since the primary objective 
of all studies is to reduce the fatality rate in pneu- 
monia, the division into sputum groups would 
permit an accurate evaluation of therapeutic 
agents with greater safety and with relatively few 
cases. All new drugs submitted for clinical trial 
would first receive preliminary study in selected 
patients with initial sputum counts of 20 or less. 
The efficacy of the drugs could be evaluated in 
these patients by repeated examination of sputum 
to determine whether or not they were capable of 
reducing the number of pneumococci as rapidly 
as sulfathiazole or sulfadiazine. If the sputum 
count failed to decrease, or actually increased 
within a specified time, therapeutic agents of 
proven value could be readily substituted without 
subjecting the patients to unnecessary hazards 
(5, 7). The most promising drugs could then 
be studied in cases with more than 30 pneumococci 
per field in the hope that they might effect a sig- 
nificant reduction of the high fatality rate which 
still obtains with sulfathiazole and sulfadiazine in 
this group. 

SUMMARY 

The average number of pneumococci per oil 
immersion field in Wright-stained smears of rusty 
sputum was determined at 12-hour intervals in 
678 cases of pneumococcic pneumonia, exclusive 
of type III. The close relationship between the 
highest sputum count during the course of the 
disease, and the outcome, was shown by the fact 
that the fatality rate was 2 per cent when the 
pneumococci did not exceed 10 per field, 9 per 
cent when 11 to 30 were present, 30 per cent 
when 31 to 75 organisms were found, and 77 per 
cent when the number exceeded 75. The fatality 


rate was uniformly low in patients with less than 
30 pneumococci per field and uniformly high in 
those with sputum counts above 30, regardless of 
the type of pneumococcus, duration of the dis- 
ease prior to therapy, leukocyte count, and blood 
culture. The unfavorable prognosis usually at- 
tributed to type, bacteremia, leukopenia, and late 
pneumonia, was due chiefly to the higher in- 
cidence of sputum counts over 30 per field in such 
cases. On the other hand, a comparison of cases 
whose sputum counts fell within the same range 
showed that age and extent of consolidation had 
a definite effect upon the outcome since the fatality 
rate was significantly higher in patients over 54 
or in those with consolidation of 2 or more lobes 
on admission to the hospital. It was therefore 
concluded that the number of pneumococci in the 
sputum had the greatest influence on prognosis 
and that the most important accessory factors 
were the extent of involvement and the age of 
the patient. It was also found that modern 
chemotherapeutic agents did not appreciably re- 
duce the fatality rate in cases with sputum counts 
below 30, but were distinctly superior to sul- 
fanilamide and serum in cases with counts above 
30. The combination of serum and drugs ap- 
peared to be no more effective in the latter group 
than chemotherapy alone. 

The authors are deeply indebted to Dr. A. B. Mitchell 
for his assistance and advice in the preparation and 
analysis of the tables. 
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III cases than in those due to the above men- 
tioned types. The following report is based upon 
1 14 roentgenographically proved cases of type III 
pneumonia which were studied by the method de- 
scribed in the companion publication on page 207 
of this journal. The results are analyzed ac- 
cording to the presence or absence of reticulation 
in the sputum,^ as well as the number of pneu- 
mococci per oil immersion field. These findings 
are compared as to prognostic significance with 
the time-honored criteria, such as bacteremia, 
leukocyte count, age of the patient, and extent of 
consolidation. 

RESULTS 

The total fatality rate of 33 per cent for type 
III pneumonia was significantly higher than the 
average of 13 per cent for all other types. When 
the cases were grouped according to the number 
of pneumococci in the sputum (Table I), it was 
foimd that the fatality in group A (10 or less per 
field) was 11 per cent for type III, as compared 

2 Four patients who were non-reticulated on admission 
to the hospital w'ere finally classed in the reticulated group 
as the disease progressed. 


TABLE 1 

The relation of reticulation to sputum counts 



1 

! 

Non-reticulated 



Reticulated 

1 

1 

1 


Total 


Other types 

Sputum 

group 

Cases 

Deaths 

Cases 

Deaths 

Cases 

Deaths 

Cares 

Deaths 


Num- 



Percent 

Nam- 

Per cent 

Num- 

Per cent 

Num- 

Per cent! 

Num- 

Per cent 

Num- 

Per cent 

Per cent 


ber 

of total 

ber 

fatality 

ber 

of total 

ber 

fatality 

ber 

of total 


fatality 


of total j 

fatality 

A 

48 

67 

n 

4 

5 

12 

■9 

80 

53 

46 

6 

11 

320 

47 

2 

B 

21 

29 


10 

18 

43 

la 

83 

39 

34 

17 

44 

210 

31 

9 

C 

3 

4 


33 

14 

33 


72 

17 

15 

11 

65 

101 

15 

30 

D 

0 

0 

0 


5 

12 

4 

80 

5 

5 

4 

so 

47 

7 

/ / 

Totals 

72 

63 

i 

5 

IB 

42 

37 

33 

79 

114 

100 

1 

38 

33 

678 

100 

13 


The microscopic examination of sputum from 
patients with pneumonia has revealed that type III 
infections are distinctly different from those due 
to other pneutpocGca. The outcome of type III 
pneunjoniawas correlated more closely with the 
■presence or absence of a fibrin-like reticulum in 
Wright-stained smears of sputum than with the 
number of organisms per oil immersion field (1, 
2). The reticulation appeared to originate from 
the capsules of the interdispersed pneumococci 
and was subsequently identified as capsular poly- 
saccharide. A quantitative relationship was dem- 
onstrated beriveen the degree of reticulation and 
the amount of SSS in the sputum and lungs (3, 
4). The reticulated type III sputums contained 
an average of 1,360 mgm. per cent of SSS; 
whereas, the non-reticulated specimens yielded an 
average of only 45 mgm. per cent. The amount 
of SSS in the sputums of the total group of type 
III cases exceeded by 170 times the amount 
recovered from types I, II, VII, and VIII cases. 
Autopsy studies revealed that there was 60 times 
more capsular polysaccharide in the lungs of type 

^ Supported by a grant from the Commonwealth Fund 
to the Michigan Department of Health Laboratories. 
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TABLE II 

The relation of therapy to reticulation 



Non-reticulated ; 

Reticulated 

Therapy 

Cases 

Deaths 

Cases 

Deaths 


Num- 

Num- 

Per cent 

Num- 

Num- 

Per cent 


her 

her 

fatality 

her 

her 

fatality 

Supportive 

9 

1 


6 

6 


Serum 

6 

0 


6 

6 


Sulfanilamide 

4 

0 


2 

2 


Drug and serum* 

2 

0 


1 

1 


Totals 

21 

1 

5 

15 

15 

100 

Sulfapyridine 

18 

2 


5 

4 


Sulfathiazole 

33 

2 


13 

6 


Sulfadiazine 

0 

0 


1 

1 


Drug and serum* 

0 

0 


8 

7 


Totals 

51 

4 

8 

27 

18 

67 


* The term drug and serum refers to serum plus sulfa- 
nilamide in contrast to serum plus sulfapyridine, sulfa- 
thiazole, or sulfadiazine. 


with the rate of 2 per cent for all other types. 
The corresponding figures for group B (11 to 30 
per field) were 44 per cent and 9 per cent; those 
for group C (31 to 75) were 65 per cent and 30 
per cent, respectively. A further classification of 
these cases into those with and without reticulation 
served to clarify this discrepancy. As shown in 
Table I, the fatality rates in the non-reticulated 
cases of 4 per cent for group A, 10 per cent for 
group B, and 33 per cent for group C, were com- 
parable with the averages for all other types. 
The reticulated cases, however, showed a uni- 
formly high fatality, approximating 80 per cent, 
irrespective of the number of pneumococci in the 
sputum. The independent effect of reticulation 
on the outcome supports the concept that the 
ability of the type III pneumococcus to produce 


capsular polysaccharide is highly significant in 
pro^osis. That the number of pneumococci in 
the sputum also plays a role is shown by two ob- 
servations: (a) the fatality rate in the non-reticu- 
lated cases was proportional to the number of 
pneumococci in the sputum, and (b) the incidence 
of reticulation in the total group of type III cases 
was 25 per cent when the sputum count was less 
than 30, as compared with 86 per cent when it 
exceeded 30 per field. Because reticulation was a 
more accurate index of the severity of type III 
pneumonia, it has replaced sputum counts in the 
remaining tables as a basis for comparison with 
other prognostic factors. 

The analysis of the outcome in reference to 
therapy is presented in Table II. The fatality 
rate in the non-reticulated cases was as low with 
serum, sulfanilamide, and even with supportive 
treatment, as it was with modern chemothera- 
peutic agents. The superiority of sulfapyridine 
and sulfathiazole became evident in the reticulated 
cases where the fatality was lowered from 100 to 
67 per cent. This significant reduction in fatal- 
ity does not entirely account for the well known 
beneficial results with sulfapyridine and sulfathia- 
zole in type III pneumonia. The effectiveness of 
these drugs is also due to their ability to decrease 
the number of pneumococci in the sputum of non- 
reticulated cases, thereby preventing the formation 
of excessive amounts of capsular polysaccharide as 
the disease progresses. To date, not a single non- 
reticulated case of type III pneumonia has be- 
come reticulated while under treatment with sul- 
fapyridine or sulfathiazole, whereas four such pa- 
tients developed reticulation during the adminis- 
tration of large doses of serum and subsequently 
expired. 


TABLE III 

The relation of bacteremia to reticulation 



Negative blood culture 

Positive blood culture 

Totals 

sputum group 

Cases 

Deaths 

Cases 1 

1 

Deaths 

Cases 

Deaths 


Num- 

ber 

Per cent 
of total 

Num- 

ber 

Per cent 
fatality 

Num- 

ber 

Per cent 
of total 

Num- 

ber 

Per cent 
fatality 

Num- 

ber 

Per cent 
of total 



67 

80 

n 

6 

1 

.5 

0 

0 

68 

38 

64 

36 


Reticulated 

17 

20 

m 

65 

21 

95 

18 

86 

Totals 

84 

79 

15 

18 

22 

21 

18 

82 

106 

100 

31 
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The low bacteremic incidence of 21 per cent 
associated wth a high fatality rate of 82 per cent 
in bacteremic t}'pe III pneumonia is representative 
of other reports in the literature. In Table III, the 
results are analyzed with reference to reticulation 
and to blood culture. Reticulation was present in 
95 per cent of the 22 bacteremics, including all 18 
who died. Among the 84 non-bacteremic cases, 
only 20 per cent ^vere reticulated, but these in- 
cluded 11 of the 15 deaths. Thus, the reticula- 
tion which was almost invariably present in bac- 
teremic type III cases may largely account for 
their unusual severity, since the fatality rate %s'as 
also high in reticulated cases wnthout blood stream 
invasion. 

The role of leukopenia in the outcome of type 
, III pneumonia is shown in Table IV. The fatality 
rate was 18 per cent in the cases with leukocyte 
counts over 10,000, 32 per cent in those with white 
counts behveen 5,000 and 10,000, and 77 per cent 
in those -with less than 5,000 cells per cubic milli- 
meter. A study of the table, however, shows that 
the fatality rate was uniformly low in the absence 
of reticulation and uniformly high in its presence, 
regardless of leukocyte count. The higher fatality 
rate in leukopenia than in leukocytosis is due to 
the fact that 92 per cent of the former, and only 
26 per cent of the latter, had reticulated sputum. 
It is thus apparent that the outcome of type III 
pnetunonia is correlated more closely •with the 
presence or absence of reticulation than -with the 
leukocyte coimt. 

The data are analyzed according to age in 
Table V. In the non-reticulated group, 4 of the 5 
deaths occurred in patients over 54 years of age. 
Cardiac failure was an accessory factor in the 
death of all 5 cases. ’While the fatality rate in 
the reticulated cases ■was not influenced by age, 
it should be noted that the incidence of reticula- 
tion increased from 0 to 50 per cent ■^rith ad- 
vancing years. 

The fatality rate in cases with consolidation 
confined to one lobe was 29 per cent as compared 
with 44 per cent in those with involvement of 
two or more lobes (Table VI). When these 
cases were broken down according to the pres- 
ence or absence of reticulation, no significant dif- 
ferences w'ere found which could be attributed to 
the degree of involvement. The higher fatality 
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among the cases with consolidation of more than 
one lobe could be explained by the fact that a 
distinctly higher percentage showed reticulation. 
It would, therefore, appear that the degree of 
involvement in type III pneumonia does not play 
as significant a role in determining fatality as it 
does for other types. 

DISCUSSION 

The results in type III pneumonia differed from 
those obtained for all other types in two important 
respects. The outcome was not influenced by the 
degree of involvement and depended more upon 
the presence or absence of reticulation than upon 
the number of pneumococci in the sputum. The 
unfavorable prognosis customarily attached to the 
presence of bacteremia and leukopenia was at- 
tributable to the fact that reticulation was almost 
invariably associated with blood stream invasion 
or low leukocyte count. Age was the only other 
factor which significantly affected the outcome in 
type III cases. The above data, coupled with the 
additional evidence already presented (1 to 4), 
make it difficult to escape the conclusion that the 
prognosis in type III pneumonia is primarily in- 
fluenced by the amount of SSS produced by this 
organism as it grows in the lungs. Such a con- 
cept may be readily correlated with other well 
known facts concerning the type III pneumococ- 
cus. This organism, because of the mucoid char- 
acter of its growth, yields the largest amount of 
capsular polysaccharide under appropriate cul- 
tural conditions (5). It is also common knowl- 
edge that sputum from type III patients frequently 
requires dilution before exhibiting a positive Neu- 
feld reaction. The disease induced by this pneu- 
mococcus is characterized by a predilection for 
the aged, a prolonged clinical course, a lobular 
distribution, and a relatively low bacteremic in- 
cidence, associated with a high fatality rate despite 
massive doses of serum (6 to 9). At necropsy, 
the consolidation has a characteristic gelatinous 
appearance and multiple lung abscesses are often 
demonstrable. In the above respects, type IH 
more closely resembles Friedlander’s pneumonia 
than infections due to the other common types of 
pneumococci (9, 10). The similarity between 
Friedlander’s and type III pneumonia is further 
emphasized by the fact that in both diseases the 
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pneumococa may nave q 
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The problem of speafie tr^^e^t o^typ^^ 

pneumonia thus resolv 

chemotherapeutic agents - jon to the hos- 
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pital, its development w^ ^q'Vie most prompt 
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from to use of todm- f =f P"- 
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t the factor of age. The unfavorable prognostic 

sfgnificance customarily attached to bacteremia 
Z leukopenia in type III pneumonia was at- 
tributable to the fact that reticulation was almost 
Invariably present in such cases. The outcome 
Tt" non-mticulated cases, as in the other types, 
■was dependent upon the number of pneumococa 
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ble a simultaneous recording and direct compari- 
son of electroencephalograms and acoustic respiro- 
grams (Figs. 1 and 2). 

This recording system has two outstanding ad- 
vantages. The necessary amplification is carried 
out at high frequencies, where vacuum tube am- 
plifiers are simple in construction and stable in 
operation. Secondly, the only connection be- 
tween the subject and the apparatus is a small 
contact microphone. This makes it possible to 
obtain records without the subject’s knowledge 
that his respiration is being studied, and under 
conditions which provide a minimum of restric- 
tion to his movements, and none to the moving 
current of air. 

By the graphic representation of the sounds 
which is produced by the movement of air cur- 
rents in the upper respiratory tract, the respira- 
tory cycle can be analyzed into several clearly 
recognizable phases. 

At the onset of inspiration, there is a sudden 
rapid up-curve as the moving column of air 
gathers velocity and as the sound gathers volume. 
At some point on this curve, there is a levelling 
off to form something approximating a plateau, 


which in turn may be level, may continue slowly 
to rise, or may gradually fall. At the end of 
inspiration, there is a sharp drop back to the base 
line. Then comes a quiet lull during the inter- 
phase between inspiration and expiration, a phase 
which is lost to view in mechanical methods of 
registering the respiratory movements of the 
thorax or abdomen. This interphase terminates 
where the onset of expiration causes a second 
rapid rise in the curve, a second plateau as the 
expelled column of air attains a more or less con- 
stant velocity, and again a sharp drop at the end 
of expiration. Thus, there is an up-slope, an 
approximate plateau, and a down-slope for both 
the inspiratory and the expiratory phases of 
respiration, and two interphases, one between in- 
spiration and expiration, and another between 
expiration and inspiration. The sharpness of 
these slopes, the inclinations of tire plateaux, the 
relative durations of the various phases and inter- 
phases, and their smoothness or jerkiness, all give 
insight into variations in the respiratory function. 
Not only are gross irregularities of rhythm clearly 
revealed, but also many subtler patterns which 
elude ordinary inspection and such methods of 
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ble a simultaneous recording and direct compari- 
son of electroencephalograms and acoustic respiro- 
grams (Figs. 1 and 2). 

This recording system has two outstanding ad- 
vantages. The necessary amplification is carried 
out at high frequencies, where vacuum tube am- 
plifiers are simple in construction and stable in 
operation. Secondly, the only connection be- 
tween the subject and the apparatus is a small 
contact microphone. This makes it possible to 
obtain records without the subject’s knowledge 
that his respiration is being studied, and under 
conditions which provide a minimum of restric- 
tion to his movements, and none to the moving 
current of air. 

By the graphic representation of the sounds 
which is produced by the movement of air cur- 
rents in the upper respiratory tract, the respira- 
tory cycle can be analyzed into several clearly 
recognizable phases. 

At the onset of inspiration, there is a sudden 
rapid up-curve as the moving column of air 
gathers velocity and as the sound gathers volume. 
At some point on this curve, there is a levelling 
off to form something approximating a plateau. 


which in turn may be level, may continue slowly 
to rise, or may gradually fall. At the end of 
inspiration, there is a sharp drop back to the base 
line. Then comes a quiet lull during the inter- 
phase between inspiration and expiration, a phase 
which is lost to view in mechanical methods of 
registering the respiratory movements of the 
thorax or abdomen. This interphase terminates 
where the onset of expiration causes a second 
rapid rise in the curve, a second plateau as the 
expelled column of air attains a more or less con- 
stant velocity, and again a sharp drop at the end 
of expiration. Thus, there is an up-slope, an 
approximate plateau, and a down-slope for both 
the inspiratory and the expiratory phases of 
respiration, and two interphases, one between in- 
spiration and expiration, and another between 
expiration and inspiration. The sharpness of 
these slopes, the inclinations of the plateaux, the 
relative durations of the various phases and inter- 
phases, and their smoothness or jerkiness, all give 
insight into variations in the respiratory function. 
Not only are gross irregularities of rhythm clearly 
revealed, but also many subtler patterns which 
elude ordinary inspection and such methods of 
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recording as spirometry, pneumography, and air- 
ometry. Larval Cheyne- Stokes patterns, periods 
of relative apnoea, curious types of cogwheel 
respiration, and marked prolongation of one or 
the other interphase have been observed. They 
appear to have significant qualitative and quanti- 
tative correlations with the process of falling 
asleep, with the state of sleep itself, with states of 
anxiety or of undifferentiated emotional tension, 
etc. Detailed studies of these physiological and 
psychological correlations will be reported later 
(Figures). 

Furthermore, since the whole moving current 
of respired air probably contributes to the acoustic 
energy of the breath sounds, the height of any 
point on the curve must be related in the first in- 
stance to the velocity of a given volume of air 
passing under the microphone at that instant. 
It follows, therefore, that theoretically the area 
subtended by the curve and the base-line must 
represent one integral of the volume of moving air. 
For this reason, quantitative volumetric correla- 
tions between the acoustic respirogram and the 
minute respiratory volume may be expected. In 
Figure 3, however, it is evident that the area sub- 
tended by the curve which represents inspiration 
is not equal to that subtended by the curve which 


represents expiration. Preliminary experiments 
with an artificial larynx -trachea-lung have shown 
that this is because the acoustic energy is in- 
fluenced also by the direction of motion of the 
respired air in the respiratory tract. Therefore, 
separate calibrations are necessary for expiration 
and inspiration, unless a position can be found 
for the microphone where a summation occurs of 
all resonances and of all accompanying acoustic 
energies. A study aimed to demonstrate quan- 
titative volumetric relations is now under way. 

The instrument was developed jointly by one of us 
(S. M.) and Mr. Paul Traugott of Electro-Physical 
Laboratories, New York. 

This study has been made possible by a grant from the 
Josiah Macy, Jr, Foundation to the Department of 
Neurology, of the College of Physicians and Surgeons 
of Columbia University, New York. The authors are 
indebted to Drs. Tracy J. Putnam and Paul Hoefer for 
invaluable encouragement and advice. 
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IXTRODUCTIOX 

The measurement ot the gradient ot intra- 
luminal pressure within the digestive tract is of 
fundamental physiological importance because, in 
any hollow tube, fluid will flow from an area of 
high pressure to an area of low pressure, and we 
cannot fully understand the flow till the pressures 
are known. The clinical importance of intra- 
luminal pressure measurements in hollow viscera 
is well exemplified b\' the sjmdromes of hyper- 
and h)-potension in the cardiovascular system. 
These disorders were recognized only after the 
development of an instrument of precision for 
their detection. This report deals with the de- 
velopment of such an instrument, suitable for use 
within hollow viscera, and with the results of its 
application to the digestive tract. 

While numerous individual obseiwations on the 
intra-gastric pressure, and occasionally on the in- 
tra-intestinal pressure, have been made with vary- 
ing degrees of accuracy, it was not till Brody, 
Werle, Meschan, and Quigley (1) devised an 
optical recording system in 1940 that an attempt 
to obtain pressure gradients on animals was suc- 
cessful. Our attempt has been to do the same on 
man. 

The requirements of an acceptable method are: 
{!) the pressure-sensitive elements must be small 
enough to be swallowed by the patient without 
discomfort and to be passed readily to an)' desired 
location, as checked fluoroscopically ; (2) the in- 
strument must be simple to calibrate in terms of 
absolute pressure, and capable of responding to 
small changes, of the order of 5 mm. of water; 
(2) it must provide simultaneous records of the 

^ Aided by a grant from the Smith, Kline and French 
Laboratories. 


pressure at several locations in the tract; (4) the 
determinations, if not made continuously, must 
be sufficiently frequent to record all significant 
fluctuations; (5) the pressure-sensitive elements 
must measure the average hydrostatic pressure in 
their vicinitj', and must not be subject to error 
caused by contact with the gut wall or small 
pieces of solid contents; (6) the device must not 
cause either obstruction or mechanical stimulation. 
The instrument to be described is capable of meet- 
ing all these requirements. 

PRIXCIPLE OF THE METHOD 

The prindple of the method depends on the 
closure of an electrical contact by a flexible dia- 
phragm when the pressures on the ttvo sides of 
the diaphragm are made equal. We have mounted 
the diaphragm in the wall of a hollow cj'lindrical 
brass capsule which is attached to a length of 
rubber tube. Through the tube, fine insulated 
wires are led to the contacts, one of which is sta- 
tionary, the other being carried on the flexible 
diaphragm but so adjusted that the two contacts 
just touch when both sides of the diaphragm are 
exposed to equal pressures. Mffien the capsule 
and tube have been swallowed, a known pressure 
applied to the inside of the capsule by way of the 
tube is varied until the electrical contact is just 
closed by the diaphragm. The value of this pres- 
sure is then equal to that in the lumen of the gut 
in the vicinit}- of the capsule. It is clear that any 
number of similar capsules may be attached to the 
same rubber tube at inter\'als along its length. 
The pressure in the gut at each of these capsules 
is then determined separatel)', b}* reference to the 
appropriate electrical circuit, and the determina- 
tions are repeated as often as may be necessary. 

This procedure may be made entirely automatic. 
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The known pressure is caused to vary in a cyclic 
manner b}'^ means of a motor-driven reciprocating 
pump over a range from less than atmospheric to 
some value considerably in excess of the greatest 
pressure expected in the intestine. Evidently at 
two points in its cycle of variation, the known 
pressure will be equal to the unknown, and the 
equality of the two can be indicated by either the 
opening or the closing of the contacts. The 
pump is arranged to carry a pen in synchronism 
with the piston back and forth above a strip of 
record paper. This pen is actuated by an elec- 
tromagnet which, through suitable intervening 
circuits, operates at each closing or opening of 
the capsule contacts, thus printing a dot on the 
paper when the known pressure is equal to the 
unknown. The position of the dot printed on the 
paper is thus directly related to the pressure in the 
gut in the vicinity of the capsule. The paper is 
advanced by a feed mechanism and the series of 
dots form a semi-continuous record of the un- 
known pressure. When several capsules are to 
be used, their respective pens are filled with dif- 
ferent colored inks so that the individual tracings 
may be readily identified even though they overlap 
on the record (Figure 1). 

The rate at which the pump operates is de- 
termined by the desired time resolution and would 
ultimately be limited by the velocity of the cyclic 
pressure wave in the connecting tube and by lag 
in the o]jeration of the pens. (The latter limita- 
tion could be removed by recording photographic- 
ally, or with a stylus on electrolytically-active 
paper of the “Teledeltos” type.) 

Although the cyclicly varying pressure has been 
referred to above as "known,” it is quite unneces- 
sary to know its actual value, since direct calibra- 
tion is easy, and indeed preferable, because it 
takes into account any errors due to "set” of the 
diaphragms and lag of the pens. It is accom- 
plished simply by placing the capsules and their 
connecting tube in a closed pressure bottle con- 
nected to a water manometer. 

CONSTRUCTION OF THE INSTRUMENT 

\Vc have dcsiRncci and built an e.'cperiniental model of 
the instrument in which three capsules and pens record 
once every two seconds. On tlie basis of prior work 
with inflated balluotis. it was thought that this fate would 
he great enough to resolve all significant fluctuations. 
L'nfc>rtunately, this i)rovcd not to be the case, and it is 




Fig. 1. Pressure Recording Apparatus 

(A) Tube having three pressure-sensitive capsules 
whose positions are indicated by the arrows. (B) Au.x- 
iliary tube with ballon, to carry fir.st tube down the intes- 
tine. (C) Assembly of motor-driven pump, writing pens, 
and amplifier. 

our present opinion that the rate should be about four 
times as fast, that is, once every half second. The record 
paper moves about a third of a millimeter per second, so 
that consecutive dots are displaced on the time a.xis by 
about two thirds of a millimeter. This spacing is ade- 
quate and should be retained in subsequent models. 
While ideally it would be possible to have the instrument 
record the unknown pressure twice during each cycle, 
by using both the opening and closing of the contacts m 
the capsule, the lag in the magnetically operated pens, 
which amounted to about I per cent of the cycle duration, 
slightly displaced the dots printed on the downstroke fnnni 
tiiosc printed on the upstroke. Tiiis difficulty can be 
avoided, but the added complication was not deemed war- 
ranted, and the machine was arranged to [)rint only 
tlie closure of the capsule contacts. 

The pressure capsules are hollow brass cylinders, ap' 
pro.ximatcly 5 mm. in diameter and 26 mm. in length- 
Tlie longitudinal section is shown in higurc 2. fbe 
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Fig. 2. Scale Drawikc or Pressure-Sensitive Capsule 
Overall length 26 mm.; diameter approximately 5 mm. 


central part is milled out to form a flat seat for the 
diaphragm cover which is cut from thin rubber. The 
diaphragm is held in place by a mating cover secured by 
the two clamp rings. It is reinforced by two phosphor- 
bronze strips 0.005 inch thick by 0.093 inch wide. One 
of these strips is soldered at one end to the body of the 
capsule and carries at its other end the moving contact. 
The other strip is soldered at one end to the cover, and 
is acted on by the adjusting screiv, in order that the 
contacts may be set just to touch each other when both 
sides of the diaphragm are exposed to the same pres- 
sure. The stationary contact is mounted in a small 
bakelite strut which is cemented in the bore of the 
capsule body. It is of course necessary to make sure 
that there is a free passage through the bore for the 
cyclic pressure wave as well as for the fine wires from 
other capsules. Actually two wires from each capsule 
to the recording instrument are not needed, as the capsule 
bodies are all connected to the grounded side of the cir- 
•cuit. The external slack bag is also made of thin rubber, 
and serves to keep intestinal contents from entering the 
perforations in the cover and mechanically interfering 
with the operation of the diaphragm. The corrugated 
surface of the brass parts is necessary to prevent the bag 
from scaling the holes in the cover, thus causing false 
pressure indications. 

The electrical system needed for indicating closure of 
the contacts might be very simple in the event that non- 
automatic measurements were to be made. It might con- 
sist merely of a high-resistance voltmeter in series with 
a dry cell, with the addition of a selector switch if several 
capsules were to be used. However, in the automatic 
recording device, an electromagnet must be actuated, and 
the contacts in the capsule cannot themselves control the 
magnet current, because, first, the pen must bear against 
the moving record paper for only a brief period of time 
whose length should be independent of the duration of 
closure of the capsule contacts ; second, the current neces- 
sary to actuate the magnet would cause arcing at the 
contacts with subsequent erratic operation; third, the 
transient voltages occurring at the interruption of the 
magnet current would introduce some hazard to the 
patient 

For these reasons, suitable vacuum-tube circuits are 


employed between each capsule contact and its respective 
pen magnet. Briefly, these consist of a high-mu triode, 
such as the type 6SFS, coupled to a pentode, such as the 
type 6F6, through a parallel resonant circuit, blocking 
condenser, and grid resistor ; the anode circuit of the 
pentode includes the pen magnet, and the effective output 
resistance of the circuit is increased by negative feed- 
back methods to improve the speed of the pen. Normally, 
both tubes draw current from the supply, but when the 
contact in the capsule closes, due to the equalizing of the 
pressures on opposite sides of the diaphragm, the grid 
of the triode becomes sufficiently negative to cut off the 
plate current As a consequence, there is a large transient 
voltage developed across the parallel resonant circuit 
This voltage is in a direction to produce a large increase 
in the plate current of the pentode, causing the magnet 
to draw the pen towards the paper. The constants are 
so chosen that the resonant circuit is somewhat under- 
damped, and the duration of the transient is long enough 
to give adequate acceleration to the pen; but due to the 
underdamping, the magnet current actually falls below 
the quiescent value before returning to normal, thus giv- 
ing a decelerating effect just before the pen hits the paper. 

As the voltage necessary to over-bias the high-mu 
triode is only five or six, and as the impedance of the 
input circuit can be made as high as half a megohm; the 
contacts in each capsule have to control a current of only 
about ten microamperes, so that no arcing or erosion can 
occur. Furthermore, potentials of the order of five volts 
introduce no hazard to the patient, even in the event of 
extensive failure of insulation in the capsules. The pump, 
recorder, and low side of the electrical circuit are con- 
nected to gremnd as a safeguard against insulation failure 
in either the pump motor or the rectifier transformer 
supplying the vacuum tubes. 

The pens are brass tubes about 0.5 mm. inside diameter 
and 1 cm. long, soldered into tubular ink reservoirs 2 
mm. in diameter and 1.5 cm. long. In each pen there is 
a central brass wire whose height in the bore can be 
adjusted to regulate the delivery of ink. The magnetic 
system consists of the frame, coil, armature, and spring 
of a standard Dunn “midget” relay. The pen is attached 
to the armature by a spring hinge and mcn-es axially in a 
loose guide on the coil frame. The assembly of pen and 
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magnet is mounted on a bar which travels with, and 
parallel to, the piston of the pump. 

The pump consists of a brass cylinder with a leather 
cup-washer piston, driven by a motor with built-in re- 
duction gears. The length of stroke (8 inches) was 
chosen to give the desired length of scale on the record, 
since pens and piston move the same distance. The ratio 
of displacement volume to total clearance volume is 
determined by the range of pressure to be measured. The 
average pressure in the system is maintained equal to 
atmospheric by a capillary leak. 

The paper feed mechanism is driven from the pump 
shaft through a worm gear and chain-sprocket. To 
hasten drying of the ink a tubular electric heater ir- 
radiates the entire width of the paper. 



Fig. 3. Sample Record in Which the Pressure Was 
Altered on One Capsule Only 
This shows that the response of the other units is en- 
tirely independent of changes applied to the first. 

In Figure 3 are tracings recorded with three pressure- 
sensitive capsules in operation. At the beginning of the 
record, all three capsules were in air. One of them (lower 
tracing) was then slowly immersed in water to a depth of 
14 cm., and after several seconds removed suddenly. The 
third time it was immersed suddenly to the same depth, 
and then removed. This record shows the constancy of 
the curves traced under unvarying pressure, and the re- 
liability with which changes in pressure are recorded. It 
also shows the independence of the recording channels. 
A typical calibration record is shown in Figure 4. All 
three of the capsules were placed in a pressure bottle and 
covered by 2 cm. of water. The pressure in the bottle 
was then adjusted to the levels indicated on the record, 
with the help of a water manometer, and short tracings 
were recorded at each level. The reliability of the base 
line (atmospheric pressure + 2 cm. of water) before and 
after the calibration is to be noted. The calibration 
curves obtained from this record for each recording chan- 
nel are shown in Figure 5. Because of the small range 
of pressures, they are nearly linear ; theoretically, they are 
small portions of hyperbolas. 

RESULTS 

Fourteen observations have been carried out on 
nine subjects. The total recording time for the 
group was 28 ^ hours with either one, two, or 
three capsules in action simultaneously. Of the 



Fig. 4. Calibration Record 
Time reads from left to right. All three capsules in 
pressure bottle are under 2 cm. HjO. Pressure was 
suddenly increased to a high value. By a controllable 
leak on the bottle, the pressure was then allowed to sub- 
side to SO cm. HjO, where it was held for about half a 
minute, and then dropped successively to 40, 30, 20, and 
10 cm. HjO to give a step-like calibration. Note that 
the base-line to which the trace returns is the original 
2 cm. HjO. 

nine subjects, four were normal individuals whose 
good health was substantiated by a history, a com- 
plete physical examination, a gastric analysis, and 
a gastro-intestinal fluoroscopy. Each was used 
twice. The remaining five subjects were patients 
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with either no digestive disorders or a diagnosis 
of a functional indigestion, arrived at by exclu- 
sion after a thorough study in the hospital. Each 
experiment was conducted with the subject lying 
upon the fluoroscopic table for frequent obser\'a- 
tion. 

From these records typical periods were selected 
for detailed anal^'sis. Figure 6 shows a coincident 
jejunal pressure record and a balloon record. 
The intra-luminal pressures (A) show character- 
istics t}-pical of all our records, vie. (1) z basal 
pressure of 8 to 10 cm. of water, and (2) phasic 
rises in pressure, in this case to 30 cm. H,0 or 
less. In contrast, tlie balloon record which in a 
rough way is a measure of the capacity of the 
gut lumen over- a limited area shows a pattern of 
far greater variability' indicating tliat not ever}' 
contraction or rela.xation of the intestinal muscu- 
lature brings about an appreciable change in in- 
tra-luminal pressure. 

Figure 7 shows an attempt to place the pressure 
regulating mechanism of the gut under stress. A 
single instrument was placed in the mid-jejunum 
and water was given by mouth. During the next 
15 minutes, a basal pressure averaging 11.2 cm. 
of HjO was maintained. A succession of phasic 
pressure waves, gradually increasing in intensity 
till levels of 35 to 55 cm. of H^O were reached. 


now appeared. The true mean pressure during 
this period was 13 cm. H^O. 

A balloon just distal to the recorder was now 
blown up to form an obstruction to flow. Water 
was injected proximal to the balloon until the 
pressures obtained represented those occurring 
above an acute artificial intestinal obstruction. 
Waves of pressure, equalling in their intensity 
those of the unobstructed gut but more prolonged 
in their duration, now appeared. From the 25th 
to the 40th minute of the experiment, the average 
basal pressure was 15.7 cm. HjO and the mean 
pressure 20.3 cm. HjO. 

To obliterate the waves and raise the tonus of 
the intestine, morphine sulphate, gr. %, was given 
subcutaneously at 59 minutes. Only one phasic 
wave appeared thereafter but a rise in the basal 
pressure to 17.8 cm. HjO was observed during 
the subsequent 10 minutes. 

Figure 8 represents the relation of gastric fun- 
dus, gastric antrum, duodenal cap, and distal 
duodenal pressures. Records from three points 
were simultaneously obtained. Tracings A and B 
show essential identity, save for slight gravity 
(altitude) differences in the pressures in the 
two ends of the stomach. The subject had taken 
two glasses of a thin water-barium mixture to 
drink. Pressure waves affected the antrum and 


SIMULTANEOUS INTESTINAL PRESSURE 5. BALLOON RECORDS 
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(A) The intra-luminal pressures and the location of the instrument (B) The balloon tracing. It is obvious that 
two do not coincide. 
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Fig. 7. Pressures Resulting Above an Artificial Mechanical Obstruction of 

THE Jejunum 


the fundus alike and apparently had nothing to do That such was not always' the case, however, is 
with the gastric peristalsis visible by fluoroscopy, suggested by Figure 8, showing the result of 
While three antral peristaltic waves per minute moving the recorder along the intestine from 

might reach the pylorus, these general gastric positions A, B, and C to positions B, C, and D. 

contractions might occur only once in one and a Gastric pressure now maintained an average level 
half or two minutes. Nevertheless, the appear- slightly above the duodenal, and gastric evacua- 
ance of high pressures in the duodenal cap coin- tion occurred as the pylorus opened, without 
cided roughly with the peaks of intra-gastric slowly recurring rises in intra-gastric pressure 
pressure. Fluoroscopic observation of the stom- being noticeable. 

ach suggested that if a wave of antral peristalsis Figure 9 shows the simultaneous pressure 
relaxed the pylorus at some time close to the changes at three widely separated points in the 

height of the gastric contraction, then gastric upper small intestine of a patient with a kidney 

contents entered the duodenal cap and the cap stone, whose “reflex” gastro-intestinal disturb- 
pressure rose sharply. Thus the rise in cap ances, chiefly belching, nausea, distention, and 
pressure bore an approximate rather than an exact abdominal cramps, led to a tentative diagnosis of 
relationship to the peak of gastric pressure and intestinal obstruction by the admitting officer. In 
more nearly corresponded in time to the opening the mid-duodenum, the basal pressure and mean 
and closing of the pylorus, provided this occurred pressure were respectively 11.8 cm. H,0 and 1 • 
while the intra-gastric pressure was high enough cm. HjO. In the upper jejunum, these pressures 
to force the gastric contents into the duodenum. were 13.8 cm. H 2 O and 15.2 cm. H;0, respective >, 
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and in the mid-jejunum, tliey were still higher, 
basal pressure 14.6 cm. H.O and mean pressure 
16.1 cm. HjO. 

DISCUSSION 

The distribution of intra-luminal pressures in 
the digestive tract produces the flow of contents 
and, in all probability, accounts for most digestive 
sjTnptoms, since stretching the gut is a major 
cause of intestinal pain. Before we can begin to 


define the normal limits of gastro-intestinal pres- 
sures, however, a great deal more work must be 
done. Hidden sources of error especially must be 
discovered and eliminated. In the past, for in- 
stance, much work has been invalidated by a 
failure to differentiate behveen the pressure pro- 
duced by the contraction of the bowel wall upon 
its fluid contents and that produced by the con- 
traction of the wall upon a balloon. Pressures 
transmitted by a balloon are not only modified by 
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simultaneous small intestinal pressures 


CM. H^O 



Fig. 9. Pressures Recorded from a Case of “Reflex” Vomiting and Distention 

the elasticit)' of the rubber but ‘by the inability grossly exaggerate the true 

of the balloon content to escape from the area sure developed under normal arcumstanres w 

involved in tlie contraction. For this reason, allow the content of a contracting segmen to 

pressures recorded by a balloon system may do\vnstream. It is also obvious that the„^. ^ 
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luminal pressure is the sum of the pressure of the 
abdominal wall upon its contents, the pressure of 
the \’iscera upon one another, and the intrinsic 
pressure of the intestinal wall upon its content. 
The altitude of the recording units must be 
known, since within the stomach of a standing 
patient, tlie pressure will be as much higher in 
the antrum than in the pylorus as a water column 
of comparable height. When tlie subject is supine, 
witli both recorders at the same altitude, the 
.pressure at opposite ends of the stomach may be 
equal. 

We fed that our scattered observ’ations on man 
are comparable to the studies of Brody, Werle, 
Meschan, and Quigley ct aL (2 to 5) on the 
dog, because vertical and horizontal fluoroscopy 
conrinced us that the sources of error mentioned 
were eliminated or else equally applicable to all 
recorders. The same pattern of a basal pressure 
with superimposed phasic pressures of 30 to 60 
cm. occurs in man as in the dog, though the basal 
pressure in man is somewhat higher. In the 
mechanism of gastric emptying, some difference 
exists in that Quigley’s dogs appeared to empfy 
their stomach contents into the cap in response 
to local pressure changes in the pre-pyloric region, 
though he has not yet shown that the general 
intra-gastric pressure was not likewise elevated 
at these times. Our human subjects frequently 
emptied gastric contents when the total intra- 
gastric pressure was at or near its peak, rather 
than in time with pre-pyloric peristaltic contrac- 
tions, many of which occurred without the expul- 
sion of barium unless this coincided with a rise 
in general intra^astric pressure. However, we 
have not yet been able to record the pressure in 
the distal antrum at the moment of contraction, as 
distinct from the general intra-gastric pressure. 
The low viscosity of our thin w'ater-barium mix- 
ture may also play a part in rendering antral 
contractions incapable of isolating a pre-pyloric 
chamber. We incline to agree wdth Alvarez (6), 
Barclay (7), and Wilson and Irving (8) in think- 
ing that human antral peristalsis does not parti- 
tion the antrum from the rest of the stomach save 
under special circumstances, such as just before 
complete emptying of the stomach takes place. 

The pressures above the artificial obstruction 
showing a sustained level of 10 to 18 cm,, with 
^phasic pressures to 40 or SO cm. HjO, exceed 


those recorded by Wangensteen (9) of 4 to 14 
cm, H.O, rising to 20 to 30 cm. HjO iii a clinical 
case of mechanical obstruction of more than 48 
hours duration. His reading was made by thrust- 
ing a needle connected to a manometer into the 
distended gut at the operating table. Earlier in 
the patient’s course, before distention took place, 
the intra-luminal pressure may have been higher. 

The single record of a rising gradient of in- 
ternal pressure in the presence of a marked func- 
tional disorder proves nothing in so far as Al- 
varez’ theory of intestinal gradients is concerned 
but is placed on record as an observation of some 
interest, to be interpreted only when other mate- 
rial of a comparable nature is obtained. 

The method is accurate, free from the disturb- 
ances of pulse and respiration, and records at a 
frequency that is probably adequate for most 
purposes; but the clinical authors have found it 
rather like an old Swiss watch — ^it takes the orig- 
inal makers to repair it when it breaks dowm. 
The ideal instrument must be more simple. 

SUMMARY 

1. An instrument for recording in absolute 
terms the intra-luminal pressures simultaneously at 
multiple selected points in the human digestive 
tract, without obstructing the lumen, stimulating 
the gut locally, necessitating a fasting state, or 
inordinately disturbing a sick patient, has been 
designed. 

2. Basic pressures of 8 to 10 cm. HjO are 
present in the human small intestine. 

3. Phasic pressures rising to 30 or 40 or occa- 
sionally even to 50 cm. H^O occur spontaneously. 

4. Placing the gut under stress, by creating an 
obstruction or by giving morphine, changes the 
extremes of intra-luminal pressures by only a few 
cm. of HjO but alters the pressure pattern. 

5. The coincident gastric and duodenal pres- 
sures attendant on gastric emptying were ob- 
served. 
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In the study of ketosis in diabetic patients, cer- 
tain problems have gone largely unanswered due 
to tlie lack of sufficiently accurate methods for 
blood ketone determinations. With the develop- 
ment of blood ketone methods accurate at low as 
well as high blood concentrations, it has been 
possible to stud}' the problems of ( 1 ) the renal 
threshold for the ketone bodies, and (2) the quan- 
titative relationship between the urinary ketone 
excretion and the blood ketone level. 

The studies to be presented summarize the re- 
sults obtained on (1) 13 diabetic patients in mild 
ketosis, produced by withdrawing insulin for 12 to 
24 hours, a ketogenic diet for 12 to 24 hours, or 
a combination of a ketogenic diet and insulin with- 
drawal; and (2) 7 patients entering the Los 
Angeles County Hospital in moderate to severe 
ketosis (several in diabetic “coma”). In both 
types of patients, after initial levels of blood and 
urine ketone bodies were obtained, insulin and 
fluids were given as required by the individual 
case, and blood and urine ketone levels were fol- 
lowed until ketosis, as indicated by the qualitative 
urinary acetone test (modified Lange test), dis- 
appeared. The blood ketones ^ were determined 
by the Bames-Wick (1) method, and the urine 
ketones by the Van Slyke (2) gravimetric method 
in most instances. 

Table I summarizes the results obtained in the 
diabetic patients in mild ketosis, and Table II the 
results in patients in moderate to severe ketosis. 
Figures 1 and 2 give the clinical course, during 
therapy, of two of the most completely studied 
cases, one in mild ketosis, the other in severe 
ketosis. These are patients “Ha” and “Wi,” 
from Tables- 1 and II, respectively. The figures 
illustrate how the data listed in the tables were 
obtained. 


^ Total blood and urine ketones calcidated as beta-hy- 
droxybutyric acid (1). 


From the analysis of the data given in these 
tables and figures, certain facts are apparent. In 
Table I (record of patients with blood ketone 
levels behveen 1 and 30 mgm. per cent), it is 
seen that even with very low blood ketone levels 
(5 to 10 mgm. per cent) small amounts of the 
ketone bodies appeared in the urine. This in- 
dicates that the absolute renal threshold for the 
ketone bodies in diabetic patients is very low— 
imder 10 mgm. per cent— in the majority of cases. 
While it is evident that the threshold for the 
ketone bodies is very low in diabetic patients, 
relatively small amounts appeared in the urine, 
less than 100 mgm. per hour, until blood levels 
over 20 mgm. per cent are reached. This gives 
a ratio under 10 for 

urine excretion mgm. per hour 
blood ketones mgms. per cent 

in 10 of the patients listed in Table I. In one 
patient (“P”), all the ratios were under 10, with 
one exception, where there was a marked increase 
in urine output per hour. In t%vo patients (“Ho” 
and “St”), there were much higher ratios. Cer- 
tain variations in the ratios at low blood levels 
can be explained on the basis of marked variations 
in urinary output per hour. 

The great increase in urinary ketone excretion 
per hour with blood ketone levels over 20 mgm. 
per cent is seen in Table II (blood ketone levels 
from 35 to 150 -{- mgm. per cent). The amount 
of urine ketones excreted per hour at comparable 
blood levels varied greatly from patient to patient. 
As the amount of the urinary ketone excretion 
is very small as contrasted to the amount utilized 
(3), this may partially explain this difference. 
These results in patients in moderate to severe 
ketosis indicate a complex relationship between 
the blood ketone level and the urinary ketone out- 
put per hour. When the urinary ketone output 
per hour is charted against the blood level, a 
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TABLE I 


Ketone excretion in mild ketosis 


Patient 

Time 

Urine volume 

Urine ketones* 

Urine ketones mgm. per hom 

Blood ketones 




Blood ketones mgm. per cent 

1. “Ha”t 

minutes 

97 

86 

cc. per hour 

414 

1,150 

mgm. per hour 

101 

58 

3.4 

3.5 

mgm. per cent 

30 

16.4 

15.5 

12.8 


43 

1,310 

25 

1.6 


52 

559 

12.9 

1.0 

2, “P”t 

• 166 

123 

141 

7.4 

19 


192 

106 

80.5 

4.5 

14.7 to 21 


55 

933 

121 

22,4 

5 4 


40 

630 

18.3 

4.5 

4^1 

3. ‘'Du”t 

201 

128 

94 

5.9 

16 


169 

41 

10.2 

5.1 

±2 

4. "Ho" 

269 

118 

63.7 

3.7 

21 to 15.8 to 6.3 


S3 

386 

52 

17 

3.6 to 2.4 


70 

65 

283 

328 

39 

42.5 

13 

7.9 

2.4 to 3.6 

3.6 to 7.2 

5. "Str" 

55 

71 

32.5 

5.7 

5,7 


60 

276 

16.4 

2.1 

7.9 

6. "Hal” 

315 

210 

0 

0 

8 to 1.2 

7. "D’'t 

57 

98 

14.4 

1.12 

12.8 


60 

no 

4.9 

0.83 

5.8 to 6 


57 

69 

6.9 

2.7 

2.9 to 2.2 


66 

74 

6.3 

2.6 

1.7 to 3.1 


51 

94 

6.1 

3.2 

3.1 to 0.7 

8. "Si" 

60 

38 

51 

5.8 

8.8 


60 

138 

64 

7.9 

8.1 


90 

504 

0 

0 

4.7 to 2.4 

9. "N" 

70 

107 

55.9 

6.8 

8.2 


60 

ISO 

0 

0 

5.3 


60 

162 

0 

0 

2.7 


60 

40 

0 

0 

1.4 

10. "Q” 

175 

63 

0 

0 

7.8 to 3.8 

11. "B”t 

56 

115 

4.81 

0.8 

6.0 


62 

420 

11.8 

1.8 

6.6 


64 

430 

35.7 

3.6 

10,0 


56 

573 

3.96 

1.59 

2.5 


43 

725 

0 

0 

1.7 

12. "Be” 

68 

±242 

±31.5 

±6.2 

5.1 


180 

55 

0 

0 

4.8 

13. "St"t 

60 

350 

14.6 

3.4 

4.3 

60 

370 

24 

20 

1.2 


58 

671 

13 

1 8.5 

0.7 


62 

203 

7.5 

7.5 

I.O 


* Calculated for time period listed. 

t Urine ketones fractionated into beta-hydroxybutyric acid and acetone. Amount listed represents beta-hydroxy- 
butyric acid. . . , ^ 

t Urine ketones represent beta-hydroxybutyric acid. (Mercury precipitate dissolved, distilled and reprecipitateo.; 


hyperbolic type of curve is obtained (Figure 3 — 
patient “St” — ^Table II). When these data from 
Figure 3 are expressed as a relationship between 
blood level and a ratio between urine ketone 


excretion mgm. per hour and blood ketone level 
in mgm. per cent, a straight line is obtained, with 
the point of origin passing through the blood level 
around 20 mgm. per cent (Figure 4). In the 
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Fig. 1. The Rapid Fall of the Blood Ketone Level 
AND THE Small Urinary Ketone Output at Low Blood 
Ketone Levels (Patient “Ha," Table I) 


majority of the cases, a somewhat similar relation- 
ship was found, -with a marked falling off of the 
ratio at blood levels under 20 mgm. per cent. 

Studies in S patients included the determination 
of both acetone (including acetoacetic acid and 
acetone) and beta-hydroxybutyric acid in the 
urine, at varying blood levels — 2 to 78 mgm. per 
cent The results are listed in Table III. In 
patients “Ha” and “K,” acetone represented ap- 
projdmately 80 per cent of the ketone bodies in 
the urine at the lower blood levels. In patient 
P,” the urinary acetone rose from 11 per cent, 
at a blood ketone level of 19 mgm. per cent, to 41 
per cent, at a blood ketone level of 2.9 mgm. per 
cent. In patient “B,” the urinary acetone rose 
from 42 to 100 per cent, with corresponding 
change in blood ketone level from 6 to 1.7 mgm. 
per cent. In patient “D,” there was only a slight 
increase in percentage of acetone at the lower 
blood ketone levels. 


In studying the data summarized above, certain 
other points of interest were noted. In all the 
patients in moderate to severe ketosis, the carbon 
dioxide combining power was determined re- 
peatedly and synchronously with the blood ketone 
_ eteminations. The lack of specific correlation 
m different patients betrveen the carbon dioxide 
combining power and the blood ketone level is 


seen in Table IV. (This reaffirms the previous 
work of many.) In this table it is seen that one 
patient with a carbon dioxide combining power of 
10 volumes per cent had a blood ketone level of 
80 mgm. per cent, while another patient with a 
carbon dioxide combining power of 16 volumes 
per cent had a blood ketone level over 150 mgm. 
per cent. Since the carbon diojdde combining 
power is only a measure of the alkali reserve, and 
this is determined by many factors other than the 
degree of ketosis in uncontrolled diabetes, it is 
obvious why the rivo determinations are not more 
closely related. 

Table V shows the low urinary ketone output 
per hour in a patient rvith uremia and oliguria. 
In this patient with blood ketone levels over ISO 
mgm. per cent, 61.7 to 455 mgm. per hour were 
excreted in the urine. 

DISCUSSION 

There are few quantitative figures given in the 
literature on the relationship beUveen blood and 
urine ketone levels. The impression, however, 
is given that there is no correlation. As Peters 
and Van Slyke (4) state: “The relation between 
blood and urine ketones has not been studied; 
but the data of Allen, Stillman and Fitz show a 
peculiar lack of association between the tw'O.” 
In studying the data of these authors (5), it is 
noted that the total urinary ketone excretion for 
24 hours, with varying diets or starvation, is 
correlated apparently with one or two blood 
ketone levels. As variations occur during the 24 
hours, it is impossible to draw conclusions from 
their data, although their results do show very 
small urinary ketone output at low blood ketone 
levels. Also there are very few references to the 
renal threshold for the ketone bodies in the litera- 
ture. The work of Wilder (6) on the injection 
of beta-hydroxybutyric and acetoacetic acid into 
dogs, suggested a urinary threshold, since 0.4 
gram per kgm. of body weight had to be injected 
before beta-hydroxybutyric acid appeared in the 
urine. Briggs and Shaffer (7) conclude from 
their studies that acetone is a non-threshold sub- 
stance, and the concentration in the urine parallels 
the concentration in the blood. These authors, 
and also Widmark (8), state that under certain 
conditions acetone can diffuse into the urinary 
bladder directly from the blood, like alcohol, with- 
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TABLE ir 

Ketone excretion in moderate to severe ketosis 


Patient 


1. ‘‘Wi’ 


2. “Sf 


3. ‘‘K”t 


4. "B” 


S. "G’ 


6. "W’ 


7. ‘'H"§ 


Time 


minutes 

240 

250 

165 

260 

225 

190 

170 

180 

170 

85 

210 

290 

110 

180 

180 

175 

125 

240 

65 

65 

57 

60 

110 

130 

120 

120 

60 

130 

50 

60 

375 

140 

155 

135 

115 

120 

120 

185 

135 


Urine 

volume 


cc. per hour 

589 

444 

336 

426 

613 

805t 

380 

282t 

405 

494 

128 

370 

327 

297 

±160(?) 

284 
198 

272 

55 

250 

137 
200 

292 

180 

285 
365 

no 

128 

516 

610 

138 
178 


170 

131t 

82 

121 

21t 


Total urine 
ketones 


117 

53 


mgm. 

22,050 

18,120 

9,000 

12,560 

9,950 

4,630+ 

1,135 

955+ 

340 

0 

136 

17,305 

2,340 

1,322 

534 

343 

77 

3,014 

56 

116 

9 

12 

485 

376 

237 

0 

0 

2,710 

922 

397 

311 

40 

618+ 

158+ 

98 

0 

0 

977 

330 


Urine 

ketones 


mgm. per hour* 

5,512 

4,350 

3.270 
2,900 
2,650 
1,400+ 

400 

318+ 

120 

0 

39 

3,580 

1.270 
440 

±178 

117 

37 

754 

52 

107 

9 

12 

264 

174 

119 

0 

0 

1,254 
1,106 
397 

50 
17 

239+ 
70+ 

51 
0 
0 

316 
147 


Urine ketones mgm. per h our 
Blood ketones mgm. per cent 


66.5 
58 

43.6 

39.2 

44.2 
85.4 


Blood 

ketones 


mgm. per cent 
80 to 86 
75 , 

75 , 

74 

60 

16.4 


9.4 

12.8 

0 

1.3 to 2.3 

10.4 

2.3 to 5.2 

70.6 

60 to 41,5, av. 

30.6 

41.5 

16.8 

29.9 to 22.9, a\ 

±7.7 

23.1 

6.4 

18.3 

2.3 

16.2 

9.7 

78 

0.8 

66 

2.1 

51.7 

0.24 

38 

7.2 

36.9 

5.8 

29.9 

4.9 

24.3 

0 

11.1 

0 

10 

19.6 

64 

15.9 

25 

3 


4 

4 

6,6+ 

36.3 

2.7+ 

26.9 to 25.8 

2.2 

22,4 to 23,5 

0 


0 

5.1 


108 to 150+ 


69 


* Calculated for time period listed, 
t Some urine lost. 

t Urine ketones fractionated into acetone and beta-hydroxybutyric acid. Amount listed represents beta-hydroxy- 
butyric acid. § Patient in uremia. 


out excretion through the kidneys. Widmark 
further claims that for acetoacetic acid there is no 
correlation between the blood and urine curves, 
indicating secretory activity of tlie kidney. All 
this early work, however, is open to the criticism 
of relatively inaccurate blood methods. Shipley 
and Long (9) in recent years have established 
evidence that in the rat, there is a definite renal 
threshold — between 25 and 30 mgm. per cent. 


Our results give definite quantitative data con- 
cerning the renal threshold for the ketone bodies, 
and the correlation between blood level and the 
urinary excretion per hour. The urinary excre- 
tion of ketone bodies varies with the blood level, 
but does not act similarly to such substances as 
urea. When the urinary ketone output per hour 
is charted against the blood level, a somewhat 
hyperbolic type of curve is obtained, with a 
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Urine Ketones 


Course of severe Ketosis, w'lth therapy 

Blood Ketones 


Carbon 

Dioxide 



Fic. 2. The Pbolonced Period of Severe Ketosis (20 hours) With the Very Large Urinary 
Ketone Output at the High Blood Ketone Levels (Patient "Wi,” Table II) 


Relationship of Urine excretion of Ketones 
Blood to blood level in severe Ketoiis 
KeTones 
MgiiiJ ■ 



Rel»tion»hIp of Urine excretion of Ketones 
E'ccd to blood level in severe Ketosis 

«Smf. 
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1000 2000 3000 ecoo 

Urine Ketones Mgm.^ht; 

Fig. 3. The Increase in Urinary Ketone Output 
PER Hour with Rising Blood Ketone Levels (Patient 
"St,” Table II) 


to ZO 30 xo 50 
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Fig. 4. Expressing the Data from Figure 3 as a 
Ratio Between Bi.o(id Ketone Level and the Ratio 
Between Urine K^kes pee Hour and Blood Level, 
A Straight Line Relationship is Obtained (Patient 
"St,” Table H) 
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TABLE III 

Fractionation of urine ketones into beta-hydroxybutyric 
acid and acetone* 


Patient 

Total 
acetone 
in urine 

Total 
beta- 
hydroxy- 
butyric 
acid 
in urine 

Ace- 

tone 

Beta- 

hydroxy- 

butyric 

acid 

Blood 

ketones 


mgrriv 

mgm. 

per cent 

per cent 

mgm. per cent 

1. "B" 

3.1 

4,3 

42 

58 



2.3 

4.5 

33 

67 

6 


9.6 

12.2 

44 

56 

6.6 


18 

38.2 

32 

68 

10 


3.4 

3.7 

48 

52 

2.5 


6.8 

0 

100 

0 

1.7 

2. “K” 

34 

68 

34 

66 



35 

385 

8 

92 

78 


460 

2,300t 

17 

83 

75 


84 

329 

20 

80 

78 


34 

56 

37 

63 

66 


113 

116 

50 

50 

51 


38 

9 

81 

19 

38 


68 

12 

85 

15 


3. “Ha" 

80 

163 

33 

67 

30 


84 

76 

53 

47 



47 

7.1 

87 

13 

16.4 


65 

17.9 

78 

22 

15.5 


41.7 

17.2 

79 

21 

12.8 


78 

28.9 

73 

27 

0.5 

4. "P" 

48.9 

391 

11 

89 

19 


46.9 

258 

15.4 

84.6 

21 to 14.7 


18 

85 

17.4 

82.6 

5.4 


9.5 

26.2 

27 

73 

4.1 


8.4 

1 

12,2 

41 

59 

2.9 

5. “D” 

23.4 

270 

8 

92 



48.1 

314 

13.3 

86.7 

16 


5.3 

28.8 

1 

15,5 

1 

84,5 

2 


* Acetone represents acetoacetic acid and acetone, 
t Bladder not completely emptied before, catheter in- 
serted at this point. 


TABLE IV 


Lack of correlation between carbon dioxide combining 
power and blood ketone level . 

Blood carbon dioxide 


combining power 

Blood ketones 

volumes Per cent 

mgm. per cent 

10 

80 

13 

75 

14 

64 

16 

150-1- 

17 

86, .78, 30 

20 

75, 24 

23 

37 ' 

27 

75 

28 

69, 11 

34 

51, 60, 25 

44 

10 ' 

46 

26 


marked fall in output with blood levels under 20 
to 30 mgm. per cent. (The exact levels vary 
from patient to patient.) In contrast, when urea 
excretion per hour is plotted against the blood 
urea level, a straight line passing through the point 
of origin is obtained. When the relationship be- 
tween blood and urine ketones is expressed as a 

ratio: l^etones mgm. per hour 

blood ketones mgms. per cent 
that the ketone bodies are threshold substances is 
clearly demonstrated, as there is a striking change 
in the ratio at low and high blood concentrations. 
This, again, is in distinct contrast to threshold 
substances, like urea, where the threshold is pro- 
portional to the blood concentration. Addis and 
Drury (10, 11) showed with urea “That under 
certain special conditions the rate of urea excre- 


TABLE V 

Ketone excretion in patient with oliguria and azotemia 


Time 


9:30 A.M. 
10:10 

10:10 to 11:25 
10:40 

11:25 to 12:30 
11:45 

12:15 P.M. 
12:30 

12:30 to 2:30 
1:33 

2:30 to 4:45 
3:42 
4:45 
5:55 


Blood ketones 


mgm. per cent 

150-f 

150+ 

108 

69 

39 


Urine ketones 


mgm. per hour* 
? 

61.7 

455 

147 


Urine 

volume 


cc. per hour 

8 

55 

150 

S3 


Blood sugar 


mgm. per cent 

930 (N.P.N. =80 
mgm. per cent) 


740 (chlorides = 335 
mgm. per cent) 


932 


COi C.P. 


volumes per centf 
16 


16 


Fluid intake 


28 


1000 cc. N.S. i.v. 

1000 cc. N.S. i.v. 

1000 cc. N.S. i.v. 

1000 cc. N.S. subcut. 
1000 cc. M/6 sodium 
lactate 

500 cc. blood transfusion 


* All urines gave a positive qualitative acetone test, 
t COs C.P. — carbon dioxide combining power. 

} Just at death. 


N.P.N. — non-protein nitrogen. 
N.S. — normal saline, 
i.v. — intravenously, 
subcut. — subcutaneously. 
M/6— sixth molar. 
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tion becomes directly proportional to the blood 
urea concentration, so that in any one individual 
urea in 1 hour’s urine 


the ratio: 


IS a constant 


urea in 100 cc. of blood 
with only narrow limits of variation, over a wide 
range of blood urea concentrations.” The fact 
that the percentage of acetone (and hence aceto- 
acetic acid) increased proportionally to beta-hy- 
droxybutyric acid at a very low blood level sug- 
gests that these substances are non-threshold 
substances, and would account for the majority 
of ketone bodies found in the urine under blood 
levels of 20 mgm. per cent. This is further evi- 
dence that beta-hydroxybutyric add is a threshold 
substance. It thus appears to belong to the group 
of threshold substances, and behaves similarly to 
such electrolytes as chlorides (12), substances 
with “fixed” thresholds. 

These results are of significance clinically. The 
qualitative urinary acetone test, in the majority 
of cases, roughly paralleled the quantitative total 
urinary ketone output. The results in one patient 
rvith uremia and oliguria suggest, however, that 
such a gauge of blood level, i.e. urinary acetone, 
can be used only in the presence of adequate renal 
function. This has been suggested by others (13, 
14), although Briggs (IS) claims that it is im- 
passible to have ketone bodies in the blood and 
not in the urine, due to diffusion directly from the 
blood to urine in the urinary bladder. 


SUMMARY 

Studies on 20 diabetics in mild and severe 
ketosis have shown : 

1. The low urinary output of ketone bodies 
(less than 100 mgm. per hour) with blood ketone 
levels under 20 mgm. per cent. This is prob- 
ably due largely to the excretion of acetone which 
appears to be a non-threshold substance. 

2. A relationship between blood ketone levels 
and urinary output; 

a. Increased urinary output per hour with 

rising blood ketone levels. 

b. A renal threshold for beta-hydroxybutyric 

acid over 20 mgm. per cent. 

3. Impaired urinary excretion with renal fail- 
ure. 

4. A lack of correlation behveen the blood 


ketone level and the carbon dioxide combining 
power. 

Appreciation is expressed by the authors to Dr. D. R. 
Drury and Dr. Eaton MacKay for criticism and help, 
and to Mr. Anthony Muff for technical assistance. 
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and eighty per cent by heavy cream. The fat load was 
taken at 7 a.m. of the test day. 

The basal diet was eaten in 3 equal meals ordinarily 
at 7 a.m., 12 noon, and 6 p.m. No food was taken at any 
other time. However, on the day when the fat load was 
administered, the meals were taken at 1 p.m., 4 p.m., and 
7 p.m. 

b. Collection of feces. When the subject had taken 
the basal diet for from 3 to 5 days, a saline enema of 
500 ml. was given at 7 a.m. and the returns discarded. 
From that hour, all stools excreted were collected, for 
from 3 to 4 days, in a large metal container and kept in 
a moist ice chest. At the end of each period, another 500 
ml. saline enema was given and the returns were added 
to the stool collection. 

From 1 to 4 such collections were obtained from each 
patient, and the fat content of these collected stools was 
considered to represent the fecal fat output of the indi- 
vidual under the basal conditions of the study. 

At the end of each basal period, each subject was 
given the supplementary fat meal, and his stools were 
collected for from 2 to 3 days in 24-hour lots. At the 
beginning and end of each 24-hour period, the 500 ml. 
saline enema was administered and the returns added to 
the proper specimen. Finally, another 2 or 3-day stool 
collection was obtained in the manner described for the 
basal period. 

2. Chemical 

Determination of stool fat. The Van Slyke combustion 
method for the determination of lipid in blood (6) was 
adapted for liquid in stool specimens in the following 
manner : A homogeneous suspension of the feces in water 
was made by means of a mechanical stirrer. An aliquot 
of this aqueous stool suspension, chosen to contain from 

0. 05 to 0.15 mgm. of lipid carbon, was used. The fat was 
extracted from this aliquot by 9 volumes of a mixture of 
equal parts of absolute alcohol and ethyl ether. The ex- 
tract thus obtained was then dried on a steam bath, cooled 
to room temperature, and the carbon content of the 
residue measured. 

To ascertain the validity of the results obtained by 
this adapted technique, some of them were checked by 
the method of Bloor (7) . 

RESULTS 

The results of the investigation are presented in 
2 parts : 1. The results of studies to test the valid- 
ity of the method used, and 2. The results obtained 
when this method was applied to a study of the 
absorption of fat by the subjects employed. 

1. Results of studies to test the validity of the 

method used 

a. Homogeneity of stool suspensions. Stool 
collections were diluted with tap water to make 
a volume of from 500 to 1500 ml., and the whole 


stirred mechanically for about 1 hour. To ascer- 
tain whether or not this technique provided homo- 
geneous suspensions, immediately after stirring, 
stearin determinations were made on samples 
which were removed by a large bore pipette from 
different levels of suspension. Differences of from 
1 to 4.5 per cent were found between the stearin 
content of the various aliquots (Table I). Thus, 


TABLE I 

Experiments to ascertain the homogeneity of the 
stool suspension 


Stool of 
.patient 

Sample 

number 

stearin 

content 

F. P. 

1 

grams per cent 

1.23 


2 

1.25 

S. L. 

1 

2.20 


2 

2.32 


3 

2.20 

E. F. 

1 

1.42 


2 

1.43 


it would appear that an adequate mixture of the 
stool specimens was obtained by the technique 
used. 

b. Comparison of values obtained by the tech- 
nique used with those obtained by the gravi- 
metric method of Bloor. It is recognized that 
the method of Van Slyke (6) measured only the 
combustible lipid carbon which is extracted by a 
mixture of equal parts of alcohol and ether from 
an aqueous suspension. It was desirable, there- 
fore, to ascertain whether or not the stearin values 
calculated from those of lipid carbon were in 
agreement with the values for total fat as deter- 
mined by another (gravimetric) technique. The 
technique chosen for this comparison was that 
of Bloor (7). 

In Bloor’s method (7), the lipid is extracted 
from 1 volume of aqueous suspension by 9 vol- 
umes of a mixture of 1 part ether and 3 parts 
alcohol. This extraction mixture of Bloor is not 
the same as that used in the present investigation. 
Accordingly, it was necessary also to determine 
whether or not different values were obtained by 
the use of different extraction mixtures. 

Ten ml. samples of each of 2 different sus- 
pensions of feces were diluted to 100 ml. vith 
Bloor’s solution (alcohol 3 volumes: ether 1 'ol 
ume) and the fat content of the extract deter- 
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mined. By the gravimetric method of Bloor, tlie 
10 ml. samples were found to contain 0.145 gram, 
and 0.117 gram of fat; by tiie gasometric method 
of Van Slyke, the fat (stearin) content of the ex- 
tracts were 0.165 gram and 0.1165 gram, re- 
spectively, or 11 and 0 per cent greater than 
those obtained by the former procedure (Table 
II). 

TABLE n 

Comparison of the fat analyses in stool suspension and in 
evaporated milk by the adapted gasometric technique 
of Van Slyke ct al., and that of Bloor 



Fat content by 
method of 

Fat content by 
method of 

Material 

Van Slyke 

Bloor 

Van Slyke 

Bloor 


extracted with 
alcohol-ether 1 : 1 

extracted with 
alcohol-ether 3:1 

Stool suspension 
number 1, 10 ml. 
samples. 

0,17 

0.17 

0.165 

0.145 

Stool suspension 
number 2, 10 ml. 
samples. 

0.124 

0.122 

0.116 

0.117 

Evaporated milk 
number 1, 10 ml. 
samples. 

1.03 

0.97 

0.93 

0.95 

Evaporated milk 
number 2, 10 ml. 
samples. 

1.04 

0.99 

0.99 

0.93 


When the 10 ml. samples of the above 2 stool 
suspensions were extracted with the mixture used 
by Van Slyke (alcohol 1 volume: ether 1 volume), 
the fat contents of the extracts determined by the 
method of Bloor were 0.170 gram and 0.122 
gram, values 17 and 4 per cent greater than 
those obtained gravimetrically by the use of the 
Bloor solution. Furthermore, the values ob- 
tained by both methods when the Van Slyke 
solution was used were in better agreement than 
were those which w’ere obtained by extraction 
with the Bloor solution. By the gasometric tech- 
nique and use of the Van Slyke solution, the fat 
(stearin) ® contents of the samples studied were 
0.170 and- 0.124 gram. 

Determinations of the same nature also w'ere 
made of the fat content in two 10 ml. samples of 
evaporated milk. By the gravimetric and gaso- 
metric techniques, the Bloor solution extract con- 

^ Mgm. stearin = mgm. lipid carbon X 1.15. 


tained 0.95, 0.93 and 0.93, 0.99 gram respectively. 
The values obtained when the Van Slyke solution 
was employed were, for the gravimetric tech- 
nique, 0.97 and 0.99 gram, and for the gasometric 
method, 1.03 and 1.04 grams (Table II). 

Thus, it w’ould appear that the values of fat 
in stool suspensions and in milk, determined by 
the gasometric technique of Van Slyke, are in 
good agreement with those obtained by the gravi- 
metric method of Bloor. This agreement is 
better still when the Van Slyke solution is used 
in both methods for extraction of the lipid. 

2. Mcastiremeut of the absorption of fat from the 
gastro-intestinal tract of the individuals 
studied 

a. Normal individuals. Two normal male sub- 
jects (F. P. and P. R.) were fed the standard 
diet which contained 1.5 grams of fat per kilo, or 
a total of 135 and 120 grams per day. During 
the basal period, neither individual excreted more 
than 6.3 grams of stearin (fat) per day (Table 
III). The daily stearin outputs of F. P. for 3 
days ranged from 5.0 to 6.3 grams and averaged 
5.5 grams, and those of P. R. for 4 days ranged 
from 3.1 to 4.0 grams, and averaged 3.5 grams. 
These average excretions of stearin represented, 
for F. P. and P. R., 4 and 3 per cent respectively 
of their daily fat consumption. 

When the fat supplement was administered to 
the 2 normal subjects, a sharp increase in the 
fecal fat output resulted. In the first instance 
(F. P.), the stearin excretion during the 48-hour 
period after the ingestion of the fat load rose 
from the average base level of 5.5 grams per day 
to 12 grams per day. This increase of 6.5 grams 
per day represented a loss of 7.6 per cent of 
the administered fat supplement Differently ex- 
pressed, 92 per cent of the fat load had been ab- 
sorbed. Forty-eight hours after the ingestion of 
the fat meal, the stearin output of this individual 
returned to the base level. 

In the second instance (P. R.), a significantly 
increased output of fecal fat w'as noted only during 
the 24-hour period which followed the fat load 
test. In that interv'al, the subject excreted 12.2 
grams of stearin in contrast to his average basal 
excretion of 3.5 grams per day. This increased fat 
output represented a loss of 6 per cent of the 
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TABLE III 


The excretion oj fat {stearin) in the stools of the individuals studied 


Subject 

1 

Disease 

Excretion of fat while on 

basal diet ' 

1 

Days ' 

1 

Average fat 
excreted. 

Average amount of fat 
excreted per day above 
the basal output after 

Days 

E.xtra fat 
excreted after 


Range j 

Average 

Fat ingested 

the ingestion of the fat 
supplement 

fat supplement 



grams 



per cent 1 

grams 

1 

per cent 

F. P. 

Normal 

5.0 to 6.3 

5.5 • 

3 

4.0 

6.5 

2 

7.6 

P. R. 

Normal 

3.1 to 4.0 

3.5 

4 

3.0 

8.7 

1 

1 

6.0 

A. A. 

Gastric cancer 

4.5 to 10.4 

6.5 

16 

7.0 

8.5 

1 

7.0 

A. Z. 

Gastrectomy 
for cancer 

26.5 to 32.1 

29.4 

6 

73.0 

120 

1 

90.3 

M. Z. 

Atrophic 

gastritis 

9.6 to 19.5 

14.5 

6 

14.0 

29 

2 

22.0 

E. H. 

Cirrhosis of 
liver; chronic 
alcoholism 

7.0 to 9.5 

7.6 

6 

8.1 

1 

8.8 

1 

7.5 

E. M. 

Cirrhosis of 
liver 

4.9 to 5.0 

4.95 

3 

1 

5.0 

2.4 

3 

3.0 


supplement, and indicated that 94 per cent had 
been absorbed. 

In summary, 2 normal adult males, who in- 
gested a constant diet, absorbed 96 and 97 per 
cent of the fat content of that diet. Further- 
more, the fat load of the amount employed does 
not decrease significantly their ability to absorb 
fat from their gastro-intestinal tracts. 

b. Patients with gastric disease. In this group 
are included 3 individuals; One 'bearing gastric 
cancer (A. A.), 1 who 20 months before the 
present study had undergone a complete gas- 
trectomy for the removal of a gastric cancer 
(A. Z.), and 1 with atrophic gastritis (M. Z.). 

During a basal period of 16 days, the patient 
with gastric cancer excreted from 4.5 to 10.4 
grams of stearin per day, or from 5 to 11 per 
cent of the dietary fat ingested. The adminis- 
tration of the fat supplement was followed during 
the next 24 hours by a fecal stearin output of 15.5 
grams, or 7 per cent of that load. The fecal ex- 
cretion of stearin returned to within basal levels 
(6.7 to 6.8 grams per day) within 48 hours after 
the fat meal. \The findings indicate, therefore, 
that this patient who bore a gastric cancer ap- 
parently absorbed from 89 to 95 per cent of his 
dietary fat, values only a little lower than those 
absorbed by the normal individuals. The addition 
to his diet of a large fat supplement did not 
decrease this efficiency of absorption. 

In sharp contrast to tlie findings thus far pre- 
sented were those noted in the patient who had 


undergone a total gastrectomy. During his basal 
period of 6 days, this patient excreted from 26.5 
to 32.1 grams of stearin, or from 66 to 80 per 
cent of that ingested.® The one-day addition to 
his diet of 130 grams of fat as a supplement re- 
sulted in an increase of the fecal stearin output 
during the next 24 hours of 120 grams. This 
would indicate an absorption of only 10 per cent 
of the fat load. The return to his basal stearin 
excretion occurred within 48 hours after the in- 
gestion of the fat supplement. 

These observations indicate that not only did 
the gastrectomized patient have a considerable 
steatorrhea while taking a comparatively low fat 
diet, but the addition of the fat load to this diet 
significantly increased the fat loss. 

A detailed investigation into the nature and 
cause of steatorrhea in the gastrectomized patient 
is beyond the province of the present study but is 
presented in a subsequent communication. How- 
ever, the possibility that a relationship might exist 
between the absence of a gastric mucosa and the 
occurrence of steatorrhea was examined in a 
patient who had marked and generalized atrophic 
gastritis (M. Z.). 

During the 6 day basal period, this patient 
(M. Z.) excreted from 10 to 20 per cent of the 
fat ingested. Although these stearin outputs 
were not as great as were those of the gastrec- 

® It is to be recalled that the diet of this subject in 
eluded only 0.7 gram of fat per kilo. 
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tomized patient (66 to 80 per cent), still tliey 
were considerablj’ above the normal values (3 to 
4 per cent). Furthermore, the administration of 
the fat supplement to this patient \nth atrophic 
gastritis was promptly followed by an increased 
stearin excretion of from 28 to 30 grams per day 
for 48 hours. The increase represented an output 
of 22 per cent of the fat meal, and was significantly 
more than those of the normal indi^'iduals who 
excreted 6 and 7.6 per cent of their fat supple- 
ments. 

Thus, it would appear that the patient who 
lacked a stomach, and the patient whose gastric 
mucosa was markedly atrophic, suffered from an 
impaired abilitj' to absorb fat from their gastro- 
intestinal tracts. This impairment was accen- 
tuated by the ingestion of a fat load. Although no 
conclusions can be drawn from such studies on 
isolated patients, it is possible that some relation 
may exist behveen the presence of normal gastric 
mucosa and the ability to absorb fat from the 
intestinal tract. 

c. Pafienfs with hepatic diseases. The fact has 
been demonstrated that patients with hepatic cir- 
rhosis no longer can properly metabolize intra- 
venously administered fat (3). How’ever, no data 
are available to indicate whether or not these pa- 
tients likewise might suffer from any impaired 
ability to absorb fat from their gastro-intestinal 
tracts. Should such an impairment exist, then 
the benefit which patients with hepatic disease 
would derive from ingested fat must be very lim- 
ited. To provide, in part, some answer to these 
questions of fat absorption, 2 patients with hepatic 
cirrhosis were studied. One of these was a 
chronic alcoholic and the diets of both had been 
grossly deficient in animal protein but not in fat 
While on the basal diet for from 3 to 6 days, 
the stearin excreted by these 2 individuals ranged 
from 4.9 to 9.5 grams per day. These outputs 
accounted for from 2 to 8.1 per cent of the fat 
ingested, or indicated an absorption of from 92 
to 98 per cent of the fat from their gastro- 
intestinal tracts. 

The addition of the fat supplement to their diets 
increased the fecal fat excretions to from 2.4 to 
8.8 grams per day. These values represented an 
absorption of from 93 to 97 per cent of. the sup- 
plements. Thus no significant defect appeared 


to exist in the absorption of fat from the gastro- 
intestinal tract of the patients with hepatic cir- 
rhosis included in this study. 

DISCUSSION 

The results of the present investigation demon- 
strate the efficiency of fat absorption from the 
gastro-intestinal tract of normal individuals, of 
patients with hepatic cirrhosis, and of a patient 
wdth gastric cancer. The percentage values ob- 
tained for the absorption of ingested fat probably 
are slightly higher than the true value, for no cor- 
rection has been made for the small amoimts of 
fecal lipid which is knorvn to be of endogenous 
origin. Ordinarily, this endogenous fat varies 
from 0.2 to 3.0 grams per day (8), which w'ould 
indicate that- only from 1 to 5 grams of the fecal 
lipid excreted by this group of subjects who in- 
gested 1.5 grams of fat per kilogram of body 
weight, was of dietary origin. 

It is worthy of note that the addition of large 
amounts of fat to the diet of normal subjects, of 
the individual with gastric cancer, and of the pa- 
tients with hepatic cirrhosis, failed to produce a 
striking rise in the output of fecal fat Previous 
studies have demonstrated a considerable d^ee 
of physiologic hepatic dysfunction both in patients 
with gastric cancer (9) and in those with portal 
cirrhosis (10). It is, therefore, interesting to 
observe that hepatic dysfunction apparently plays 
no constant, significant role in the absorption of 
fat from the gastro-intestinal tract. 

Finally, increased intestinal motility must be 
considered a causative factor for the steatorrhea. 
To exclude this possibility, studies were carried 
out by means of barium and fluoroscopic roent- 
genography and the marking of diet periods -with 
carmine and charcoal. These studies indicated no 
significant departure from the normal. Thus, it 
would appear that increased intestinal motility 
was not a causative factor for the steatorrhea. 

However, the possibility must be considered 
that the proper absorption of lipids is influenced 
by the presence of a normal, functioning gastric 
mucosa. Both the patient with severe atrophic 
gastritis, and the individual who lacked a stomach 
entirely, suffered from a decreased efficiency of 
fat absorption. The nature of this defect, and the 
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measures necessary for its effective treatment, 
will be presented in a subsequent report. 

CONCLUSIONS 

1. The gasometric method of Van Slyke et al. 
was adapted to measure the absorption of fat 
from the gastro-intestinal tract of a group of sub- 
jects. This included 2 normal individuals, 1 
patient bearing gastric carcinoma, 1 patient who 
had undergone total gastrectomy, 1 patient with 
generalized atrophic gastritis, and 2 patients with 
hepatic cirrhosis. 

2. An abnormal absorption of fat was demon- 
strated only in the gastrectomized patient and in 
the patient with atrophic gastritis. 

3. The question is raised of a relationship be- 
tween the absence of an intact gastric mucosa and 
the normal absorption of fat from the gastro- 
intestinal tract. 
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Demonstration of the fact that strains of pneu- 
mococci may become- resistant to the antibacterial 
action of the sulfonamide drugs has emphasized 
one of the potential difficulties that may arise in 
the chemotherapy of pneumonia. Not only has 
the acquisition of drug-fastness been induced by 
laboratory procedures (1 to 3) but individual 
strains of pneumococci obtained from patients 
have exhibited the capacity to change within the 
body from susceptible to resistant states during 
the course of treatment (4 to 7). 

The findings recorded in this report were de- 
rived from observations on two patients who had 
pneumococcus pneumonia ivith bacteremia and 
who failed to respond to sulfadiazine but improved 
rapidly following serum therapy. Qinical and 
laboratory data are presented which indicate that 
the infections were caused by drug-resistant pneu- 
mococci. In addition, the patients’ strains have 
been used for experimental studies -with particular 
reference to problems relating to treatment. For 
this purpose, infected mice have been treated with 
penicillin and with tyrothricin, as well as with 
sulfadiazine, in order to compare the curative 
action of the three agents. 

CLINICAL AND LABORATORY DATA OF THE PATIENTS 

The pertinent findings in the course of the diseases in 
the two patients are given in Figure 1 for patient M. R, 
who had Type I pneumococcus pneumonia, and in Figure 
2 for patient W. L., who had Type VIII pneumococcus 
pneumonia (Figure 1). 

Patient M. R was a white female, aged sixty-two years. 
She was admitted on the fourth day of the disease and 
Was found to be seriously ill with pneumonic consolida- 
tion of the right lower and middle lobes. The leukocyte 
Count was 9,900. There was no sputum. Blood culture 
Was positive for pneumococcus Tj-pe I. Sidfadiazine 
Was administered on the first hospital day, both intra- 
venously and by mouth. From Figure 1, it may be noted 


that her temperature dropped to 100° F., on the third 
hospital day. However, clinical evidence of improvement 
did not parallel the temporary fall in temperature. On 
the fourth hospital day, the fever had risen again above 
102° F. 

Pneumococcus Type I was obtained from a throat cul- 
ture taken on the seventh hospital day. A second blood 
culture, taken on the eighth hospital day, -vsas also posi- 
tive for pneumococcus Type I. 

The patient remained acutely ill and bacteremia per- 
sisted in spite of the maintenance of blood levels of sulfa- 
diazine ranging from 9.1 to 13.4 mgm. per cent Con- 
sequently Type I antipneumococcus rabbit serum was 
administered as indicated in Figure 1. The drop in the 
temperature was attended with marked clinical improve- 
ment Subsequent blood cultures were sterile. The pa- 
tient recovered uneventfully. 

From the course of the disease in this patient, both with 
respect to the persistence of signs and symptoms of acute 
illness as well as the bacteremia, it is evident that sulfa- 
diazine was not effective even though the disease was 
limited to a primary imcomplicated pneumonia. Although, 
the first two blood cultures were taken a week apart, the 
absence of any clinical improvement during the first eight 
days is strongly suggestive that the bacteremia may have 
been continuously present. Furthermore, the simultane- 
ous presence in the blood stream of both pneumococci and 
appreciable levels of sulfadiazine indicate the absence 
of antibacterial action of the drug on the infecting 
organisms. When these findings are correlated with the 
failure of sulfadiazine, as shown later on, to cure mice 
infected with the strain of pneumococci derived from this 
patient, the conclusion seems clear that the drug-fast 
characteristics of the infecting organisms accounted, in 
all probability, for the patient’s lack of response to 
chemothcrap>'. 

The strain of pneumococcus Type I from patient M. R. 
which -was subsequently used for laboratory tests was 
isolated from a throat culture taken on the seventh hos- 
pital day. Gonclusive evidence, therefore, of the nature 
of the strain before the beginning of treatment was not 
determined. However, the persistence of active illness, 
in spite of adequate administration of sulfadiazine, sug- 
gests that the infecting organism -was either resistant 
from the beginning or had quickly acquired the propertj'. 

Patient W. L. (Figure 2) was a colored male, aged SO 
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Fig. 1. Patient M. R.; Type I Pneumococcus Pneumonia 


years. He was admitted the day after onset of pneu- 
monia which began with chill and sharp pain in left chest. 

On admission, there were signs of early pneumonia in 
the left upper lobe. The leukocyte count was 9,000. 
Pneumococcus T 3 Te VIII was present in sputum and 
also in the first blood culture. The Wassermann reaction 
was positive. 

Chemotherapy was begun on admission with sulfa- 
thiazole, but later changed to sulfadiazine. There was 
no improvement in the first three days and, as indicated 
in Figure 2, the temperature increased on the fourth hos- 
pital day. Daily blood cultures were positive for the first 
five days. Signs of a small pleural effusion were present 
on the fifth day. Five to 10 cc. of thin cloudy fluid were 
obtained by thoracentesis, a culture of which yielded pneu- 
mococcus Type VIII. The sulfonamide level in the 
pleural fluid was 4.3 mgm. per cent. This^ strain was 
used in laboratory studies, the results of which are pre- 
sented in Table I and discussed later. 

Antipneumococcus rabbit serum, administered on the 
fifth and sixth hospital days, brought about marked 
clinical improvement. Subsequent blood cultures were 
sterile. The small encysted empyema persisted. ^ Numer- 
ous subsequent attempts were made to obtain fluid but m 
only one instance, on the eighteenth day, were 2 to 3 cc. 


of a bloody exudate obtained. Pneumococcus Type VIII 
was present in the specimen. The area spbsequently re- 
solved and the patient was discharged from the hospital 
on the sixtieth day. 

As noted in Figure 2, pneumococci and levels of sul- 
fonamide of from 5.8 to 7.6 mgm. per cent were present 
concurrently in the blood stream. Although the organ- 
isms of the blood cultures were not tested, the first cul- 
ture of the pleural fluid yielded pneumococcus Type 
VIII, which, when used for infection in mice, proved re- 
fractory to treatment with sulfadiazine. The course m 
this case, on the basis of a persistent bacteremia as dem- 
onstrated by daily blood cultures, suggests, perhaps more 
definitely than the first case, the probability that t c 
infecting strain was drug-fast from the beginning of t c 
illness. 

DISCUSSION 

A review of the literature indicates that up to 
the present time the incidence of cases of pneu 
monia caused by drug-fast strains is a small frac- 
tion of the total. Ross (4) reported a strain from 
a fatal case of meningitis which, by cultural tests, 
was susceptible to sulfonamide bacteriostasis car > 
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in the disease but a second culture obtained at 
autopsy was drug-resistant. Hamburger and as- 
sociates (7) described a strain of pneumococcus 
from a case of bacterial endocarditis which, fol- 
lowing prolonged chemotherapy, acquired drug- 
resistant characteristics, as demonstrated in vitro. 
Other obsen'ers, in studying strains derived from 
cases of pneumonia, have noted variations in the 
capacity of the organism to multiply in culture 
media containing stated quantities of sulfonamide 
drugs. In early cases of uncomplicated pneu- 
monia, Lowell, Strauss, and Finland (6) did not 
encounter resistant strains among those isolated 
before treatment was begun. In three instances, 
they observ’ed strains that were relatively resistant 
after a few days of chemotherapy. In some pa- 
tients who failed to respond to drug treatment, 
however, no change in the susceptibility of the 
strains, which might account for the unsatisfactory 
results, was noted. Cotier, Kirchner, and Ro- 
mano (8) cultivated specimens of material from 


cases of pneumonia on blood agar containing vary- 
ing amounts of sulfapyridine. They cited five 
cases in which the lack of therapeutic, effect of the 
drug was particularly striking. In three of the 
instances, the strains were drug-resistant in that 
colonies developed on blood agar containing sul- 
fapyridine. By testing pneumonic sputum in- 
jected into treated mice, Moore, Thomas, and 
Hoyt (9) found one strain of pneumococcus, out 
of thirty-three derived from different patients -with 
pneumonia, to be sulfonamide resistant. 

In a recent report, Tillett (10) noted that dur- 
ing a Uvo-year period of observation on chemo- 
therapy in pneumonia, pneumococcus bacteremia 
was found to persist for as long as seven days only 
in cases complicated by endocarditis. The two 
cases of the present report are obvious exceptions 
to the earlier experience. 

A noteworthy feature of the clinical course of 
the two patients described in the present report 
was the rapid and satisfactory response to serum 
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Fig. 2. Patient W. L.; Type VIII Pneumococcus Pneumonia 
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therapy, MacLeod and Daddi (2) found infec- 
tions in mice, produced by the resistant strain of 
pneumococcus Type I which they employed, to be 
just as amenable to cure with ahtipneumococcus 
serum as were infections with susceptible strains 
of Type I. Lowell, Strauss, and Finland (6) 
observed rapid improvement in two patients who 
were treated with serum following a relapse of 
pneumonia which developed during sulfapyridine 
therapy. The strains from their two cases were 
found by cultural methods to be drug-resistant. 

Experimental studies with patients’ strains of 

pneumococci Types I and VIII in relation to 
therapeutic use of sulfadiazine, pe7iicillin, 
and tyrothricin 

The sources of four strains of pneumococci used 
in the tests were as follows : Type I resistant strain 
came from a throat culture taken on patient M. R. 
on the seventh hospital day. Type VIII resistant 
strain came from the pleural fluid of patient W. L. 
obtained on the fifth hospital day. Type I and 
Type VIII susceptible strains were stock labora- 
tory cultures. 

Infections in mice were produced with each of 
the four strains by intraperitoneal injection of 
graded amounts of the respective cultures. 

The preparation of the material and the meth- 
ods of treatment with sulfadiazine, penicillin, and 
tyrothricin were as follows : 

Sulfadiazine. The drug in powder form was 
suspended in gum tragacanth. Treatment was 
given per os by means of a small silver catheter 
used as a stomach tube. A dose of 20 mgm. per 
treatment was most regularly employed, twice on 
the first day and once daily thereafter for three 
to four days. The amount of drug for a single 
dose was contained in 0,5 cc. of the mixture of 
sulfadiazine and tragacanth. The infecting dose 
of culture was injected five to ten minutes after 
the first oral administration. 

Penicillin. The powdered material was re- 
ceived in sealed ampoules.^ Each ampoule con- 
tained 5,000 so-called Florey units (11). The 
contents of a single ampoule were dissolved in 10 
cc. of distilled water which yielded a clear yellow- 
ish solution containing 500 units per cc. The 
data presented in Table I consist of the combined 
results which were obtained when either 0.5 cc. 

1 Penicillin was obtained from E. R. Squibb and Son. 


of the original solution (250 units) or 0.5 cc. of 
a. 1—10 dilution (25 units) were employed. For 
the data given in Table I, mice received penicillin 
three times daily, by the intraperitoneal route, for 
four days. The first injection was given ten to 
fifteen minutes after the infection. 

Tyrothricin. The material was made available 
by Dr. Colin MacLeod who obtained it from 
Merck & Company. The term tyrothricin was 
applied by Dubos and Hotchkiss ( 12) to material 
which contains both gramicidin and tyrocidin. 
Although more toxic than gramicidin, the curative 
action of tyrothricin for experimental pneumococ- 
cal infections has been established (12). 

The powder was dissolved in absolute alcohol, 
in sufficient quantity to make a 4 per cent solu- 
tion. Additional dilutions were made in distilled 
HgO so that 1 cc. contained either 0.04 mgm. or 
0,08 mgm. Each mouse received, as the total 
treatment, one single dose of 0.5 cc. (0.02 mgm. or 
0.04 mgm.) intraperitoneally, within a few min- 
utes after the infection. 

The combined results of different experiments 
concerning the curative action of the three re- 
agents, sulfadiazine, penicillin, and tyrothricin, for 
the four strains of pneumococci are contained in 
Table I. 

From Table I, it may be noted that no thera- 
peutic effect was obtained with sulfadiazine 
against the two patients’ strains, even when the 
amount of infecting' inoculum was as small as lO'” 
dilution of culture. Against the two stock strains, 
however, effective cure was uniformly obtained 
against 10'® cc. of culture. 

The negative therapeutic results with the re- 
sistant strains were obtained in the first tests per* 
formed within a few days after their isolation and 
also in similar tests made three months later. 
The persistence of the drug-fast qualities by re- 
sistant strains, noted in the cutures used in the 
present experiments, has also been reported by 
other investigators (2). 

In contrast to the selective results obtained by 
treatment with sulfadiazine, when penicillin was 
employed the curative action was equally great 
against all four strains. The data in Table I 
demonstrate that the mice uniformly survived, 
whether they received maximum doses (ICh' ec) 
of sulfonamide-resistant strains or comparable 
amounts of susceptible strains. 
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TABLE I 


Theropeulic action of sulfadiazine, penicillin, and tyrolhrycin in mice infected with patients’ strains 
and stock strains of pneumococci Types I and VIII 


CuUurca 

Sulfadiaxine 

PeaidJIin 

Tyrothrj'dn 

Strain 

Amount of 
inoculum 

Number 

mice 

Number 

fiurvivala 

Per cent 
survi>'aJs 

Number 

mice 

Number 

survivals 

Per cent 
survivals 

Number 

mice 

Number 

survivals 

Per cent 
survivals 


lO-J 

4 

0 

0 

6 

6 

100 





10"* 

6 

0 

0 

8 

8 

100 

8 

6 

75 


10"* 

3 

0 

0 




8 

7 

87 


10-* 

6 

0 

0 







10-* 

8 

0 

0 









6 

6 

100 

5 

5 

100 




Type I 


5 

5 

100 

6 

6 

100 

8 

7 

87 

(Stock) 

BSI 

3 

3 

100 




8 

8 

100 

BSfl 

3 

3 

100 








mm 

3 

3 

100 








10-* 

4 

0 

0 

6 

6 

100 




Type VIII 

10-« 

10 

0 

0 

10 

10 

100 

8 

7 

87 

~ W. L. 

10-« 

4 

0 

0 




8 

8 

100 

(patient) 

10-* 

6 

0 

0 








10"* 

8 

0 

0 







T^peVIII 

(Stock) 

V r T T T 

ooooo 

5 

10 

5 

5 

5 

5 

10 

5 

S 

5 

100 

100 

100 

100 

100 

5 

5 

5 

5 

100 

100 

8 

8 

2 

6 

25 

75 


In control mice, used in each separate experiment, an inoculum of 10"* of culture of each strain proved uniformly fatal. 


Fleming (13) who first described the action of 
penicillin, found that the material inhibited the 
growth of gram positive cocci. Subsequently 
.Chain, et al. (11), Florey, el al. (14), and Hobby, 
Meyer, and Chaffee (15) have demonstrated in 
vivo activity against pneumococci. Powell and 
Jamieson (16) have found penicillin to be effec- 
tive against sulfonamide-fast strains of pneu- 
mococci. McKee and Rake (17), in a brief 
report, state that mice infected with sulfonamide- 
resistant strains of pneumococci have been pro- 
tected with penicillin. Florey and Jennings (18) 
remarked upon the fact that sulfonamide-resistant 
strains of streptococci were sensitive to penicillin. 
. When tyrothricin in single doses per mouse of 
0.02 mgm. or 0.04 mgm. was used for treatment, 
the extent of protection afforded the mice was 
found in different experiments to be variable. In 
comparing the results (Table I) obtained \vith 
each of the four strains, it may be noted, however, 
that there was no evidence of special refractoriness 
exlubited by the mice infected with the sul- 
fonamide-resistant strains. On the contrary, 
among the infections caused by the four strains, 
tyrothricin was found to be least effective against 


one of the stock strains (Type VIII) which is 
sulfonamide susceptible. Consequently, the find- 
ings have failed to indicate any relationship be- 
tween sulfonamide resistance and factors which 
influence the effect of tyrothricin on pneumococci. 

Tests for the production of sulfonamide inhibiting 
substances by strains of pneumococci 

Repeated studies have demonstrated that the re- 
sistance of bacteria to the action of the sulfon- 
amides is not infrequently associated with the pro- 
duction of inhibiting substances by the refractory 
strains. MacLeod (19) reported results obtained 
with a strain of pneumococcus which was made 
sulfonamide-fast in vitro. The strain was found 
to produce significant amounts of inhibitor. The 
same author has also referred to other resistant 
strains of pneumococd which, however, did not 
produce demonstrable amounts of anti-sulfonamide 
substances (20). 

Both the resistant and susceptible strains used 
in the present study have been tested for the ca- 
pacity to produce inhibitor. As a positive control 
of the technique employed, the resistant Tjpe I 
strain of MacLeod was also used in comparative 
tests. 
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The tests were carried out according to the pro- 
cedure reported by MacLeod (19), using a strain 
of B. coli cultivated in the special media described 
by Sahyun, Beard, Schultz, Snow, and Cross 
(21). Into the tubes containing 5.0 cc. of basic 
media, serial dilutions of sulfadiazine were added. 
The strain of B. coli grew in the presence of 1 
part in 2,000,000 (equivalent to 0.0025 mgm.) of 
sulfadiazine but was inhibited by 1 part in 1,000,- 
000 (0.005 mgm.) of the drug. 

The five strains of pneumococci used in the tests 
were first cultivated in the synthetic media de- 
scribed by Bernheimer, Pappenheimer and associ- 
ates (22). In preliminary trials, sterile uninocu- 
lated preparations of the media were found to be 
devoid of inhibitor commonly encountered in 
broth. Five tenths cc. of the supernatant fluid of 
cultures of pneumococci was added to the basic 
materials, and the tubes were inoculated with 10"^ 
dilution of B. coli. Since the pneumococci were 
unable to grow in the media of Sahyun, Beard, 
et al., either with or without B. coli, it was un- 
necessary to heat the cultures of pneumococci 
before adding the supernatant fluid to the other 
elements of the test. The results are given in 
Table II. 


From the data of Table II, it may be seen that 
a moderate but equal amount of inhibiting sub- 
stance was developed by both the sulfonamide-fast 
patient's strain of Type I and the sulfonamide- 
susceptible stock Type I. Consequently, on the 
basis of the test, the two strains could not be 
differentiated. However, with the drug-fast Type 
I strain of MacLeod, the production of inhibitor 
was greatly increased over that of the other 
strains. 

With the Type VlII cultures, the yield of in- 
hibitor by the sulfonamide-susceptible stock strain 
was comparable to that of the Type I stock strain. 
Cultures of the sulfonamide-resistant strain from 
patient W. L. were the weakest of any of the 
strains in the production of inhibiting substances. 

On the basis, therefore, of the findings sum- 
marized in Table II, it has not been possible to 
ascribe the resistance of the patients’ strains to 
the production of sulfonamide inhibiting sub- 
stances. Furthermore, the results obtained with 
patient’s Type I strain and with MacLeod's Type 
I strain appear significant in indicating that among 
strains of pneumococci, even of the same type, 
different mechanisms may exist for nullifying the 
action of the sulfonamide drugs. 


TABLE II 

Tests for production of inhibitor by five strains of pneumococci 


Supernatant fluid 

Dilutions of sulfadia 2 ine in synthetic media* 

Strain 

1 

to 

20,000 

1 

to 

50,000 

1 

to 

100,000 

1 

to 

500,000 

1 

to 

1,000,000 


Type I 

M. R. (patient) 

— 

— 

— 

++ + 

-h-h-h-t- 

++++ 

wmmm 

— 

— 

1 

+ + + 

1 

-h+-f + 

++-h+ 

Type I 
(MacLeod) 

+ + + 

+ + + + 

+ -\ — 1- + 

+ + + + 

■+■ + ■+■+ 

++++ 

Type VIII 

W. L. (patient) 

— 

— 

— 

— 

1 

++++ 

Type VIII 
(Stock) 

— 

— 

— 

+ + + 

+ + 

++++ 

Sterile 

Pneumococcus 

Mediaf 

— 

— 

j 




Control 

— 

— 

1 

— 


-(--}-++ 


j. J.4- 4-4-4-4- indicate visible density of growth of B. coli, — indicates no visioie growtu. i ^ 

Sahyun, Buard, « «/. (21). t Bornhaimar, G,ll™a„, al at. (22). 
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SUMMARY 

1. From patients ha\’ing pneumonia and 
bacteremia, strains of pneumococci (Types I and 

were isolated ^Yhid^ caused infections in 
mice, that were totally refractory to treatment 
with sulfadiazine. 

The clinical course of the patients and the clini- 
cal laboratory data (blood cultures and levels of 
sulfonamides in blood) also indicated the drug- 
resistant characteristics of the infection. 

Both patients responded rapidly and success- 
fully to specific serum therapy. 

2. In experimental observations, penicillin was 
found to be highly effective against infections in 
mice caused by either sulfonamide-resistant or 
susceptible strains. 

When tyrothridn in single doses was used for 
treatment of mice, the protection was not uni- 
formly complete against any one of the strains. 
However, no eddence was obtained to indicate 
that sulfonamide resistance influenced the effect 
of tyrothricin. 

3. It was not possible to demonstrate that the 
drug-resistance of the patients’ strains was due to 
the production of inhibiting substances. By con- 
trast, cultures of an additional strain of Type I 
pneumococcus (MacLeod) were found to yield 
considerable amounts of inhibitor. 
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The acute gastro-intestinal disturbances of in- 
fants have always been a source of anxiety to the 
pediatrician. Nutritional therapy has made severe 
demands upon his skill. The ttvo horns of the 
dilemma are, first, that any kind of food by mouth 
may lead to increase of untoward sj-mptoms al- 
ready present, i.e. diarrhea and vomiting; and 
second, that deprivation of food for a relatively 
short time may lead to collapse. The accompany- 
ing dehydration and acidosis are complications 
which often cause a fatal outcome. We have 
learned, over the course of the last few decades, 
how to replenish the interstitial fluids, to overcome 
the acidosis, and to proride for a substantial por- 
tion of the caloric requirement by parenteral 
therapy. This, coupled with the use of sulfon- 
amides when indicated, constitutes such great 
improvement in therapy that modern clinicians 
with good hospital facilities no longer have the 
same dread of these diseases as those of a gen- 
eration ago. 

But these procedures still do not provide nitro- 
gen, which is essential for normal nutrition. Pro- 
tein or its equivalent could, until fairly recently, 
be supplied only by intravenous plasma infusions. 
Another source of nitrogen is now available for 
intravenous use, — protein hydrolysate. Such a 
preparation has already been shown to be an 
adequate source of nitrogen for the nutrition of 
infants who are not ill, whether given orally or 
intravenously (1). 

The question arose as to how large a nitrogen 
loss infants with acute gastro-intestinal disorders 
suffer, and whether amino acid therapy would 
change a negative to a positive balance. The pur- 
pose of this study was to make a quantitative de- 
termination of the effect upon nitrogen balances 

" This investigation was aided by a grant from Mead 
Johnson and Co. 


of enteral and parenteral administration of casein 
hydrolysate to infants suffering from acute gastro- 
intestinal symptoms. In order to avoid undue 
complexity, analysis of the clinical aspect is in- 
cluded only in so far as it is pertinent. 

EXPERIMENTAL 

The 20 male infants included in this study were patients 
sent to the hospital because they were too ill to be treated 
as out-patients. The main features of the illnesses were 
vomiting, diarrhea, and fever, with or without infection, 
which led to dehydration and sometimes acidosis of such 
a grade as to require parenteral fluid therapy and with- 
holding of food by mouth. This group did not include 
any patients with specific intestinal infections such as 
dysentery or typhoid fever. The infants were from 2 
weeks to 8 months of age, and from 2.6 to 9 kgm. in 
weight 

Saline solution was given intravenously to replenish 
depleted body fluids. Glucose-lactate solution was given 
when necessary to alleviate acidosis. Nitrogen was pro- 
vided as casein hydrolysate, given intravenously or orally. 
Specific drugs were given as indicated. 

Some of the infants were selected for this study im- 
mediately following admission to the hospital; others 
were given fluids parenterally, but no nitrogen, for 1 or 
2 days before administration of casein hydrolysate was 
begun. Blood transfusions were given in several cases 
before and during the time of casein hydrolysate admin- 
istration. 

The preparation used for intravenous administration 
was an enzymic hydrolysate of casein plus glucose in 
solution.* This was sometimes modified in our labora- 
tory, but contained, as given, 2.5 to 4 per cent casein 
hydrolysate, 5 to 10 per cent glucose, and varying amounts 
of NaQ. We also used, for oral administration, a pre- 
pared food containing casein hydrolysate,* which we had 


* This material, the trade name of which is "Amigen,” 
was prepared and supplied through the courtesy of Mead 
Johnson and Co. Amigen contains no unhydrolyzed pro- 
tein. The nitrogen is present in various forms; about 60 
per cent is amino nitrogen. 


» TMs was a mixture of 20 per cent casein hydrolysate 
(Amigen), 42.3 per cent dextri-maltose, 10 per cent 
starch, 18 per cent olive oil, 3 per cent brewers’ yeast. 
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used in previous studies (1), and which had been found 
to be adequate to meet nutritional needs of infants for 
protracted periods (2). 

Each of the infants was placed upon a metabolism bed. 
When there was more than one period of observation, 
they were consecutive. Most of the periods were of 3 
days’ duration. Some as short as 24 hours were periods 
during which intravenous therapy only was given, and 
were short because of change either in clinical condition 
or in type of therapy. The urine and feces were collected 
and analyzed separately for nitrogen by the micro Kjel- 
dahl method. The nitrogen intake also was determined 
by analysis. 

The plan was to omit food by mouth and to give casein 
hydrolysate-glucose-saline solution intravenously for 24 
to 48 hours, or until the vomiting ceased and the diarrhea 
subsided. The second phase of the treatment was to give 
the same or similar solution orally instead of, or in 
addition to, intravenously. If this form of treatment 
was well tolerated, the third phase was begun, namely, 
the casein hydrolysate food (containing starch and fat) 
or milk formula was given instead of, or in addition to, 
the casein hydrolysate solution. In a few cases, we have 
continuous observations on these three phases of treat- 
ment. Inasmuch as no two clinical cases are exactly 
alike, such a division is arbitrary and represents a 
clinical judgment in each case rather than a well defined 
division into stages of progress toward recovery. The 
phases of treatment correspond roughly with the stages 
of improvement in clinical condition. When recovery 
was sufficiently advanced, the infant was returned to 
milk formula feeding. In conformity with the accepted 
procedure, smaller amounts of material were given when 
the symptoms were most acute, and quantities were in- 
creased as the patient’s condition improved. The caloric 
intake amounted to 40 to 90 Calories per kgm. of body 
weight per day. These values are below the optimal for 
normal nutrition, but higher than usually given in these 
cases. In general, the lower caloric intakes were as- 
sociated with the lower nitrogen intakes and the two 
increased together. 

The solution was given intravenously, by constant drip 
through a No. 22 or .No. 24 needle, into a scalp, arm, 
or leg vein, and allowed to flow by gravity at the rate 
of about 20 drops per minute, or 50 cc. per hour. Due 
largely to procedures which we no longer regard as 
correct, local edema and erythema developed in about one 
fourth of the patients. In every case, the edema sub- 
sided within a few hours after the needle was removed. 
It tended to be more severe when the injection was con- 
tinued more than 10 or 12 hours, and when the lower 
extremities were used. The solution may have leaked 
through the puncture holes in the veins. Further, intact 

and 6.7 per cent salts. This product was prepared by 
and supplied through the courtesy of Mead Johnson and 
Co. A Mead Johnson product is now available under 
the trade name of “Nutramigen” which is identical with 
the preparation we used except that it contains com oil 
instead of olive oil. 


vessels which would prevent the passage of plasma- pro- 
tein would permit permeation of the small molecules of 
amino acids. If the amino acids spread into the tissues, 
there is every reason to believe that they were sub- 
sequently reabsorbed and utilized. In addition, as men- 
tioned above, our solutions contained NaCl above that 
present in the casein hydrolysate. This led to increased 
water retention as is evidenced by the weight curves of 
the infants. The amount of NaCl present in the original 
product is sufficient to assure proper hydration of the 
tissues, and the excess merely tended to increase the local 
edema. Since we have abandoned the use of extra NaCl 
and have decreased the time of injection to less than 8 
hours, we are no longer troubled with the edema which 
we encountered in these studies. 

The temperature elevations accompanying intravenous 
administration of casein hydrolysate, which were reported 
previously, were not prominent in a single case, and were 
either absent or negligible. No injection had to be in- 
terrupted for this cause. This was probably due to an 
improvement in the preparation of the material. Extra 
precautions were taken so that the water used was free 
. of pyrogenic material. 

In this series, all the infants, with 2 exceptions, made 
good recoveries. It is our impression that the improve- 
ment was as good or better than could be obtained with- 
out amino acid therapy. Two died, W. McG, of bacterial 
pericarditis and S. K, of septicemia, diseases which they 
had when they were admitted to the hospital. Diarrhea 
was in both cases a presenting symptom. Of the others, 
except for S, P., who had a “break” in the last period, 
with vomiting and diarrhea, all the patients made more 
or less uneventful progress. 

Observations were made upon 4 infants with approxi- 
mately the same type and degree of illness, who did not 
receive amino acid therapy. Two (T. S. and J. T.) 
were given the usual glucose and saline parenterally, and 
2 (R. F. and J. W.) received milk formulas by mouth. 
These served as controls. 

RESULTS AND DISCUSSION 

The data for nitrogen intake, output, and bal- 
ance are summarized in Table I. The details of 
the composition and concentration of injected and 
ingested material, length of periods, rate of in- 
travenous administration, and volume of intake 
and output are not included, as they are similar 
to cases already reported (1, 3) and do not give 
any information necessary to this exposition. In 
order that the data on infants of different sizes 
and on periods of different lengths may more 
readily be compared, all results have been ex- 
pressed as grams of nitrogen per day (24 hours) 
or as grams per kgm. of body weight per day. 
For approximation data, calculation of metabolism 
on the basis of body weight is simpler than on t :e 


CASEIN HYDROLYSATE AND NITROGEN STORAGE 


259 


TABLE I 

Nitrogen metabolism of infants with acute gastro-intestinal disturbance 


Subject 

Intake* 

Output 

Balance 

Name and 
age 

Phajct 


Material 

Method 

: 1 

, j 

1 N per day ; 

N per 
ksm. per 
day 

Urine 

Feces 

N per day 

N, per cent 
of Intake 

N per 
kgm. per 
day 


I 

him. 

8.30 

cas. hyd. 

i.v. 

crams 

5.50 

crams 

0.67 

grams 

2.85 

grams 

0.01 

grams 

2.64 

48 

grams 

0.32 


11 

8.40 

cas. hyd. | 

i.v. 

oral 

0.60 

2.40 


[ 0.36 

1.37 

0.15 

1.48 

50 

0.18 

R.C. 

8 

months 

•II 

8.60 

cas. hyd. | 
blood 

i.v. 

oral 

i.v. 

3.86 

0.11 

3.07 


1.28 

3.04 

0 

4.00 

57 

0.47 


III 

9.00 

cas. hyd. 
c.h.f. 
blood 

i.v. 

oral 

i.v. 

2.32 

1.00 

1.60 


1 0.54 

1.33 

0.23 

3.36 

68 

0.37 

III 

9.60 

c.h.f. 

oral 

2.85 

0.30 

1.45 

0.48 

0.93 

33 

0.10 


I 

3.14 

cas. hyd. 

1 

i.v. 

1.53 

0.49 

1 

0.74 

0.05 

0.74 

48 

0.24 

S. C. 

3 

months 

II 

3.17 

cas. hyd, | 

i.v. 

oral 

0.10 

2.52 


[ 0.80 

0.81 

0.34 

1.47 

56 

0.47 

III 

3.20 

cas, hyd. 
c.h.f. 

oral 

oral 

m 

0.55 

0.94 

0.10 

0.72 

41 

0.22 

D. D. 

2 

weeks 

I 

2.70 

cas. hyd. 

i.v. 

1.48 

0.55 

0,56 

0.27 

0.65 

43 

0.24 

1 HI 

2,85 

cas. hyd. 
i c.h.{. 

blood 

oral 

1 oral 
i.v. 

mm 


0.44 

0.55 

0.26 

0.43 

34 

0.15 

III 

3.00 

c.h.f. 

oral 

1.33 

0.44 

0.37 

0.31 

0.65 

49 

0.21 

R. McK, 
1 

month 

II 

2.85 

cas. hyd. 
blood 

oral 

i.v. 

1.05 

0.81 

1 


0.31 

0.32 

1.23 

66 

0.43 

I 

2.79 

cas, hyd. 
blood 

i.v. 

i.v. 

1.88 

1.54 

1 

^ 1.22 

0.68 

0.28 

2.46 

72 

0.88 

I 

2.95 

cas. hyd. 

i.v. 

3.16 

1.07 

1.07 

0 

2.09 

66 

■ 0.71 

II 

3.00 

cas. hyd. 

oral 

1.59 

0.53 

0.45 

0.15 

1.14 

72 

0.38 

II 

3,00 

cas. hyd. 
blood 

oral 

i.v. 

1.40 

1.75 


\ 1.05 

0.60 

0.15 

2.40 

77 

0.80 

III 

3.16 

c.h.f- 

oral 

1.20 

0.38 

0.62 

0.21 

0.37 

31 

0.12 

S.P. 

1 

month 

I 

3.24 

cas. hyd. 

wm 

2.60 

0.80 

0.88 

0.16 

1.56 

60 

0.48 

II 

3.24 

cas, hyd. | 

i.v. 

oral 

0.18 

2.25 

[ 

\ 0.75 

0.85 

0.51 

1.07 

44 

0.33 

III 

3.30 

c.h.f. 1 

blood 

oral 

i.v. 

0.60 

2.17 

[ 

\ 0.84 

0.55 

0.60 

1.62 

59 

0.49 

III 

3.30 

c.h.f. 

oral 

0.90§ 

0.27 

0.95 

0.29 

-0.34 


-0.10 

E.P. 

6 

months 

I 

6.00 

cas, hyd. 


3.10 

0.51 

1 

3.31 

0.40 

-0.61 


-0.10 

II 

6.00 

cas. hyd. | 

gwB 

0.28 

5.46 

1 

\ 0.96 

2.11 

0,27 

3.36 

58 

0,56 

II 

6.40 

cas. hyd. 

oral 

5,58 

0.87 

3.48 

0.30 

1.80 

32 

0.28 

III 

6.70 

cas. hyd. 
c.h.f. 

oral 

oral 

m 

0.56 

2.94 

0.32 

0.52 

14 

0.08 

III 

6.50 

c.h.f. 

oral 

1.75 

0.27 

1.70 

0.27 

-0.22 


-0.03 
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TABLE 1 — Continued 


Subject 

Intake* 

Output 

Balance 

Name and 
age 

Phaset 

' Weightt 

1 

Material 

Method 

N per day 

N per 
kgm. per 
day 

Urine 

Feces 

N per day 

N, per cent 
of intake 

N per 
kgm. per 
day 

w. 

McG.f 

5 

weeks 

III 

kgm, 

3.16 

[ 

fat-free milk -f 
glucose 

oral 

grams 

1.27 

grams 

0.42 

grams 

0.49 

grams 

0.24 

grams' 

0.54 

42 

HHiy 

I 

1 

i 2.83 

cas, hyd. 


2.37 

0.84 

1.27 

0.06 

1.04 

43 

0.37 

J.J. 

i I 

6.90 i 

1 

cas. hyd. 

i.v. 

2.80 

0.41 

2.65 

0.45 

-0.30 


-0.04 

A. B. 

3 

weeks 

I 

3.26 

cas. hyd. 

i.v. 

2.08 

0.64 

1.35 

0.26 

0.47 

23 

0.14- 

I 

3.10 1 

1 

cas. hyd. 

n 

1.67 

0.54 

1.04 

0.11 

0,52 

31 

0.17 

S. K.1f 

4 weeks 

I 

2.64 

cas. hyd. 


1.57 

0.60 

1.27 

0.04 

0,26 

17 

0.10 

W.T. 

5 

months 

I 

5.33 

cas. hyd. 

i.v. 

2.50 

0.47 

2.05 

0.33 

0.12 

4 

0.02 

J. diB. 

7 

weeks 

II 

3.69 

cas. hyd. | 

i 

i.v. 

oral 

0.89 

0.19 

} 0.29 

0.71 

1 

0.05 

0.32 

30 

0,09 

R. H. ! 
3 

months 

II 

4.90 

r' 

cas. hyd. < 

I 

i.v. 

oral 

2.34 
0.39 , 

J 0,56 

2,05 

0.06 

1 0.62 

1 

1 

25 

0,13 

J.F. 

3 

weeks 

II 

3.00 

cas. hyd. | 

i.v. 

oral 

1 

1.75 

1.35 

J 1.03 

0.73 

1 

! 0.12 

1 

2.25 

72 

0.75 

III 

3,23 

c.h.f. 

oral 

1.62 

0.50 

0.37 

0.05 

1.20 

73 

0.37 

A.W. 

18 

months 

III 

9.90 

cas. hyd. 
c.h.f. 

i.v. 

1 oral 

1.41 

3.33 

^ } 0,48 

1.70 

0.74 

2.30 

49 

0.23 

III 

10.00 

■HbHi 

i.v. 

oral 

1.00 

3.05 

J 0.40 

2.32 

1.36 

0,37 

9 

0.04 

J.D. ! 
1 

month 1 

I 

3,22 

cas, hyd. 

i.v. 

2.08 

0.64 

0.92 

0.06 

1.10 

S3 

0.34 


Controls 


T.S. 

5 weeks 

I 

2.87 

glucose -k saline 
lactate 

1 

i.v. 

0 

0 



-0.73 


-0.2S 

o 

months 

I 

6.85 

glucose + saline 

i.v. 

0 

0 

1 

1,15 

0.25 1 

-1.40 ; 



■■ 

6.85 

glucose • 

oral 

0 

0 

0.71 

0.14 

-0.85 


BQ 

R. F. 

2 

months 

III 

3.60 

evap. milk -f- 
karo 

oral 

1.11 

0.31 

1.14 

0.19 

-0.22 


B 

J.W 

3 weeks 

III 

1 

1 

3.12 

glucose 4* saline 
evap. milk 

i.v. j 
oral 

0 

0.52 

0.17 / 

0.77 

0.09 

-0.34 


-0.11 


* Abbreviations used are as follows:^ cas. hyd. = casein hydrolysate solution; c.h.f, = casein hydrolysate food. 
The comoQsition is eiven zn F'ootnote 3, i.v# “ intravenous administration* t rrrri 

t These periods were irregular in length, varying from 1 to 4 dajj. and were consecutive. The 
orrnt^ine- to the tvoe of theraov as follows: Phase I. Intravenous administration only. Phase II. Oral admmistratio 
S tonoS casein hydrolysate solution. Phase III, Oral administrat on o ^ 

drolysate food or milk formula instead of, or in additiim to, casein hydrolysate solution (orally or intravenously), 
transfusions were given sometimes in either Phase I, Phase II, or Phase HI. 

t Weight at beginning of period. § Estimated to allow for vomiting. Died. 
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basis of surface area, basal metabolism, or some 
other standard. There are 10 cases in which the 
same phase of treatment continued for 2 successive 
periods. In nearly all these cases, there was con- 
siderable difference in the nitrogen intake, due to 
blood transfusion or other variation. None were 
e.\act duplicates. In all cases, there was a change 
in the • clinical status. For these reasons, the 
results are given separately rather than as aver- 
ages. 

It will be noted that the infants who received 
the casein hydrolysate (with or without blood 
transfusions) in adequate amounts, with one ex- 
ception (E. P., first period), had positive bal- 
ances. Even the 2 infants who were moribund 
(W. McG. and S. K.) showed good nitrogen 
retentions. On the other hand, the controls were 
in negative nitrogen balance. T. S. and J. T., 
who received glucose-saline solution only, had 
losses of the same order of magnitude as those 
previously reported for infants who had received 
no nitrogen, but liberal carbohydrate intakes (1, 
3), R. F. and J. W., who were given milk 
formulas, also were in negative nitrogen balance. 
Their nitrogen intakes were low, but it was judged 
that no more could be tolerated because of the 
infants’ clinical condition, which, moreover, was 
not as severe as that represented by the periods 
of observation recorded in Phase I for the other 
infants in this study. 

The distribution of nitrogen in the excreta did 
not differ greatly from that found in normal 
babies. Even with infants who have (harrhea and 
are receiving intravenous therapy, fecal nitrogen 
is, in per cent of total output, no greater than in 
normal infants, 13.6 and 11.4 respectively (1). 
If the dry weight of the feces was high, the nitro- 
gen excretion was high. The nitrogen forms a 
roughly constant proportion of from 2 to 7 per 
cent of the dry weight of the feces. This holds 
true of diarrheal stools and normal stools of in- 
fants fed parenterally and orally, whether given 
casein hydrolysate or milk. Furthermore, diar- 
rheal stools do not show a great increase of 
nitrogen or of dry material; the main difference 
between them and normal stools lies in the water 
and salt content. 

A brief summary of the data on nitrogen re- 
tention in Table I is given in Table II, arranged 
according to three levels of intake, irrespective of 


TABLE ir 

Average nitrogen balance with different levels of nitrogen 
intake, calculated from the data in Table I 


Num- 

ber 

of 

cues 

Nitrogen intaie 

Nitrogen balance 

Range 

Average 

6 

21 

14 

grams per 
kgin. per day 

0.27to0.3S 
0.36 to 0.65 
0.66 to 1.28 

grams per 
kgm. per 
day 

0.31 

0.50 

0.92 

grams 
per day 

-0.03 

0.85 

2.07 

grams per 
kgm. per 
day 

-0.01 

0.16 

0.50 

Per cenl of 
intake 

32 

54 


whether the nitrogen was ingested or injected. 
Retention is shown to be correlated with intake. 
With the amounts of nitrogen used in this study, 
when the intake is larger, the retention is larger 
also, but is not a constant fraction of the intake. 
A nitrogen intake greater than the amount of 
wastage is necessary to keep the individual in 
equilibrium. The average excretion of the con- 
trols, T. S. and J, T., "was 0.19 gram per kgm. 
of body weight, whereas the amount of nitrogen 
necessar}’ to maintain equilibrium is about 0.35 
gram per kgm., which is equivalent to 2.8 grams 
of casein hydrolysate, or 2.2 grams of protein. 

One case who received more than 0.35 gram of 
nitrogen had a small negative balance (E. P., first 
period), one %vas in equilibrium (J. J.), and 2 
cases with intakes below this figure had small posi- 
tive balances. Even in these sick children, posi- 
tive balances were obtained with intakes as low as 
0.29 (J. diB.) and 0.30 (R. C.). But 0.4 to 0.5 
gram per kgm. of body vveight is the minimum 
one would expect to use clinically. 

There was only one case (E. P., first period) 
of negative balance when casein hydrolysate was 
given intravenously in sufficient amounts. The 
infant was in acidosis during this one-day period, 
the bicarbonate concentration of the plasma being 
19 m.eq. per liter, which probably accounts for 
the extraordinarily high nitrogen excretion in the 
urine. Moreover, in the 3 day period immedi- 
ately following, very high nitrogen retention was 
obtained. 

In this series of cases, a number of blood trans- 
fusions were given. Presumably the plasma pro- 
teins thus introduced intravenously serve as an 
excellent source of nitrogen for nutrition (4). 
Even if they are not catabolized, but are used to 
build up depleted plasma proteins, it is still proper, 
in our opinion, to consider this nitrogen as re- 
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tained, for the same end result is reached directly, 
as that attained indirectly when proteins or amino 
acids are fed by mouth. In some cases, the trans- 
fusion supplemented an otherwise inadequate 
nitrogen intake, and in others, was added to a 
sufficient intake. For example, in the former 
case, the nitrogen balance would have been nega- 
tive without the transfusion (D, D., second 
period), but in the latter, would have been positive 
without transfusion, and was rendered excep- 
tionally high by the addition of the blood plasma 
(R. McK., second period) . 

The group with the highest nitrogen intake (see 
Table II) showed retentions which exceeded, both 
in amount and in proportion of intake, the reten- 
tions which may be expected in well infants. A 
normal infant on a milk formula diet usually re- 
tains about 25 per cent of the nitrogen ingested, 
shows a total retention of about 0.5 to 1.5 grams 
per day, or 0.17 gram per kgm. of body weight 
This value, taken from our previous experience 
(1) agrees with the data in Czerny-Keller (5), 
The average proportion of intake retained by the 
sick infants in this study was 45 per cent, the 
highest 77 per cent (R. McK., fifth period) ; the 
highest actual retention was 4.0 grams per day 
(R. C,, third period), and the highest retention 
per kgm. of body weight per day was 0,88 gram 
(R. McK., second period) . 

The high retentions may be attributed in part 
to larger intakes and in part to the fact that the 
nitrogen which had undergone previous depletion 
was now being restored. The previous loss from 
the tissues may have been due in part to lack of 
ability to digest or absorb protein, as well as to 
the withholding of food. It is easier to restore 
losses than to make new gains. Moreover, casein 
hydrolysate is more rapidly absorbed than un- 
hydrolyzed protein (6). 

Nitrogen retentions were not correlated with 
gains in weight. Although each gram of nitro- 
gen retained carries with it approximately 6 times 
its weight of protein, or 30 times its weight of 
body substance, the body weight fluctuations de- 
pend primarily upon the state of hydration, rather 
tlian upon nitrogen accretion. One of the fea- 
tures of nutritional disturbances of this type is 
great loss of weight due to dehydration. It is 
therefore not uncommon for these cases to show 
astounding weight gains during recovery, of the 


order of a kilogram or more in a few days. Some 
of this represents fluid replaced and some of it 
fluid which will subsequently be eliminated. 
These gains may be as much as 25 times the gain 
normally accompanying nitrogen retention of the 
order obtained in this study. The weights given 
in Table I were the weights at the beginning of 
each period, and the periods being of unequal 
length, they do not represent 24-hour gains. 

Although increased body temperature has a 
tendency to increase protein catabolism, the effect 
in these cases was not marked. Although no 
attempt has been made to correlate nitrogen bal- 
ance with temperature elevation, the loss of pro- 
tein in the controls was not in excess of that of 
normal infants deprived of their nitrogen intake, 
and the positive balances of the cases studied were 
not less than might have been expected if no 
fever had been present. 

Retentions were greater, both in amount and in 
proportion to the intake, when blood transfusions 
were given in conjunction with casein hydrolysate. 

Whether the casein hydrolysate was adminis- 
tered intravenously, intravenously and orally, or 
orally, i.e., whether the disease was in its most 
acute phase, a less acute phase, or the recovery 
phase, nitrogen retentions were approximately 
the same at the same levels of intake. 

The present study shows that acute gastro- 
intestinal disturbance does not hinder retention 
of nitrogen when administered in proper form 
and amount. The fact that these infants had 
good nitrogen balances when casein hydrolysate 
was given, but did not when saline-glucose solu- 
tion or milk was given, is sufficient proof that 
casein hydrolysate administration is desirable. 
Other things being equal, the more nearly the 
normal physiological status can be approximated, 
the more adequate is the treatment. That it is 
better to prevent loss than to have to repair it, 
does not have to be shown by statistical treatment 
of clinical details, 

SUMMARY 

1. Infants with acute gastro-intestinal disturb- 
ance involving vomiting, diarrhea, dehydration, 
and acidosis, were able to retain nitrogen when it 
was given in adequate amounts in the form o 
casein hydrolysate, either intravenously or orally 
or both. 
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2. Positive nitrogen balances were obtained 
when the nitrogen intake was 0.35 gram per 
kgm. of body weight per day. 

3. Retentions were greater when nitrogen in- 
takes were greater, and were as large as those 
reported for well infants. 

The author wishes to acknowledge the assistance of 
Dr. G. L. Brooks, who supers-ised the care of the infants; 
other members of the House Staff, who gave the in- 
travenous injections; Miss Harriet O’Hara, who was the 
nurse in charge; and f^Iiss Dorothy Cohen, who made 
the nitrogen determinations. 
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In order to study the fate of the plasma proteins 
in shock, it was considered desirable to tag these 
proteins with radioactive elements. Sulfur was 
selected because of (I) its favorable half life (88 
(2) its position of relative stability in the 
protein molecule, and (i) the significant role 
which sulfur-containing amino adds play in the 
generation of plasma proteins, as showm by Whip- 
ple et al. (1, 2), The preparation of radioactive 
sulfur-containing amino acids (cj'stine, methio- 
nine, and homocj'stine) from radioactive sulfur is 
reported by one of us in the following article in 
this same journal (3). This communication re- 
ports our experience in the production of radio- 
active plasma proteins by dogs fed radioactive sul- 
fur-containing amino acids. 

It has long been kno'vvn that 1-cystine is an 
amino add essential for maintenance and growth 
of animals. Du Vigneaud et al. (4, 5), found that 
the l-cystine component of the meso form can be 
utilized by growing rats, but that d-cystine can- 
not be utilized. l-Cystine, necessary for the 
growth of rats, can be replaced by both d- and 1- 
methionine (6) and by d- and 1-homocystine (7) 
if choline or betaine are added to the diet (8). 
Tarver and Schmidt (9) isolated radioactive cys- 
tine from the fur of rats 3 weeks after feeding 
d,l-methionine containing radioactive sulfur. 

Whipple el al. (1, 2) showed that hypoproteine- 
mic dogs, which had been kept on a basal diet 
and depleted of “reserve stores” of plasma protein 
by long continued plasmapheresis, regenerated 
plasma protein at a markedly increased rate when 
l-cystine was fed, to a lesser extent when d,l- 
niethionine was fed, and to a still lesser extent 
when l-tyrosine or 1-tryptophane was fed. 
Homocystine was not studied. Whipple demon- 
strated that a hypoproteinemia of 4 grams per cent 
was the optimum level for maximum regeneration 
of plasma protein. A lower level of plasma pro- 


tein did not permit maintenance of a satisfactoiy' 
state of health. 

With these facts as a basis, we studied the 
utilization of small amounts of radioactive d,l- 
cystine,^ d,l-methionine, and d,l-homo<yfStine by 
hypoproteinemic dogs, for the production of radio- 
active plasma protein. 

METHOD 

Dogs were rendered hypoproteinemic after the manner 
described by Whipple (1), i.e. by the use of protein 
deficient diets and plasmapheresis. In most cases, how- 
ever, the plasmapheresis was not carried on for the length 
of time required, according to Whipple, to deplete the 
"reserve stores” of plasma protein. 

Diet. Dogs were fed a low protein diet for 2 weeks, 
followed by a non-protein diet for 1 week unless other- 
wise specified in the individual protocol. The diet was 
essentially that recommended by Cowgill (10). Each 
dog was given 70 to 80 calories per kilogram of body 
weight per day. 

Plasmapheresis was performed aseptically 3 or 4 times 
weekly by removal of 25 to 30 per cent of the total blood 
volume (6 cc. of 5 per cent sodium dtrate per 100 cc. 
blood as anticoagulant) with immediate return of the 
unwashed red cells in ZS per cent glucose in physiological 
saline solution. 

Protein levels were determined by the specific gravity 
method- When a level of or close to 4 grams per cent 
was reached, an amount of plasma was removed during 
the following week which was just sidficient to maintain 
this level. The early death of some of the dogs is 
explained by the fact that much more plasma was re- 
moved with each plasmapheresis after the radioactive 
amino acids were given than before. 

Amino acids containing radioactive sulfur were con- 
verted to the hydrochloride and then fed or, as in 2 
cases, injected intravenously. Recorded weights are of 
free amino acids. At the same time, the diet was usually 
supplemented with SO grams of casein daily (forced feed- 
ing when necessary)- In most cases, l-tyrosine (1 gram) 


1 Although no utilization of d-cystine was expected, no 
attempt was made to resolve the radioactive d,l-cystine 
because of the small amounts available and the likelihood 
of some loss of the laevo form. A method for resolution 
of d,l“Q'stine is reported by du Vigneaud (4). 
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and in some cases 1-tryptophane (0.25 gram) was also 
fed daily. Dogs receiving homocystine were given be- 
taine (4 grams) daily (8). 

Radioactivity determinations. Because radioactive sul- 
fur has a soft radiation, material containing it absorbs 
the radiation in proportion to the mass of the sample 
being measured. Because of this self-absorption, it is 
necessary to utilize the thinnest possible layer for meas- 
urement of the radioactivity. The most convenient form 
in which to obtain the sulfur from biological material 
for measurement is by oxidation of the material and 
precipitation of the sulfur as either barium or benzidine 
sulfate. As recommended by Tarver and Schmidt (9), 
the barium sulfate layer should not exceed 3 mgm. per 
sq. cm. 

Plasma or tissue was prepared for analysis of radio- 
active potency by oxidation of 1 cc. of plasma or 1 gram 
of tissue with concentrated nitric acid and superoxol in 
a 100 cc. Kjeldahl flask. This required about 1.5 to 2.0 
hours. Care was taken to avoid ignition when the mix- 
ture approached dryness. The non-protein fraction of 
plasma was similarly prepared for analysis after removal 
of the protein fraction by precipitation with an equal 
volume of 20 per cent trichloroacetic acid. The resulting 
ash in both cases was dissolved in several cc. of water 
containing 1 or 2 drops of concentrated hydrochloric acid. 

When isolation of the sulfur as BaSO^ was desired, 
the solution was transferred to a large test tube, diluted to 
10 cc. and heated to boiling. An equal volume of 0.1 per 
cent BaClj solution brought to the boiling point was added 
to the hot sulfate solution and the mixture was digested 
for 1 hour and allowed to stand overnight. It was again 
digested for 1 hour at 100° C., and the precipitate was 
collected while hot. 

When isolation of the sulfur as benzidine sulfate was 
desired, the solution was transferred to a 50 cc. beaker, 
evaporated to 3 cc., and diluted with an equal volume of 
alcohol. To this was added 1 cc. of a saturated solution 
of benzidine dihydrochloride in 50 per cent alcohol, con- 
taining a few drops of concentrated hydrochloric acid. 
The mixture was allowed to sit in the ice box half an 
hour and the precipitate was collected. 

Either precipitate was collected in a filtration apparatus, 
similar to the one described by Tarver and Schmidt (9) 
except that the precipitate covered a 1.54 sq. cm. area. 
It was washed with 50 per cent alcohol, water, and finally 
with acetone. 

Advantages of the benzidine method are (i) the pre- 
cipitates (7 mgm.) are easier to collect than the barium 


precipitates (4.5 mgm.), (2) the particle size is more 
uniform, and (3) the procedure can be carried out more 
quickly and efficiently. 

The weight of the precipitate was determined in every 
case. Since analyses of urine and feces were made on 
aliquots treated in the same way as plasma, care was 
taken to select the size of the aliquot that would yield 
approximately the same weight of sulfate precipitate.^ 

Standards were prepared by oxidizing a known weight 
of the radioactive amino acid fed, and dissolving the ash 
in a given volume of Na-SOi solution which was equival- 
ent to 4.5 mgm. BaS 04 per cc. Several dilutions of the 
radioactive solution were made with this non-radioactive 
Na-SO* solution. In this way, standard precipitates of 
the same weight, containing known dilutions of the origi- 
nal radioactive amino acid, were obtained (Table I). 

TABLE I 


Radioactivity measurements of the standards 
in one experiment 


Dilutions 

of 

radioactive 

standard 

i 

Cys- 

tine 

equiva- 

lent 

Weight 

of 

benzidine 

sulfate 

Radio- 

activity 

Ratio of 
radio- 
activity 
to 

back- 

ground 

Deviation 

from 

linearity 

1 

25 

100 

1000 

mgm. 

0.80 

0.032 

0.008 

0.0008 

mgm. 

10.5 

9.7 

9.5 

9.3 

divisions 
per second 

0.033 

0.0015 

0.00038 

0.00028 

250 

10 

3 

0.2 

percent 

-13 

-1.3 

0 

-26 


All measurements were made with a modified Launtzen 
electroscope, described in another publication (II)* 
subsequent protocols, radioactivity is expressed in di- 
visions per second (each division equals 20 small divisions 
on the scale of the electroscope). The background or 
our instrument varied from 0.00006 to 0.00009 division 
per second. 

In the experiments which follow, the total amount o 
radioactive plasma protein removed from the dog is 
given as percentage of the amino acid fed. By so doing, 
a basis is provided for estimating the radioactive potency 
of the amino acids necessary to obtain any desired leve 
of radioactivity in the plasma protein. 

2 We found a rough practical method of doing tins 
was to use %oo to %oo of a 24-hour output. 
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EXPERIMENTS WITH RADIOACTIVE CYSTINE, HOMOCYSTINE, AND METHIONINE 

TABLE II 

Radioactive cystine 

Dog No. S-ll; weight 6.8 kgm.; hematocrit 40 per cent; non-protein diet 6 days, low protein diet 6 days; plasma- 
pheresis 5 times; lowest plasma protein level 4.5 grams per cent; weight loss 1 kgm.; radioactive d, 1-cystine (200 mgm.) 
fed; low protein diet supplemented with casein (SO grams) and 1-tyrosine (1 gram) daily; circulatory collapse after third 
blood withdrawal; restored with saline and plasma; dog decorticate until termination of experiment 2 days later; weight 
5 kgm.; hematocrit 25 per cent. 







Radioactivity 


Radioactive cystine 



Duration 


Radio- 


per cc. plasma 


in plasma protein 

Ingested radio- 


Total 

protein 








active 1 -cystine 
(100 mgm.) 

Epedmea 

of etperi- 

plaarna 


Non-protein 

fraction 

Protein 

fraction 



Total 

plasma 

removed 



removed 

Plasma 

Per cc. 
plasma 

utilked 


days 

wmm 

«. 


divisions per second 


mgm. 

mgm. 

per cent 

Plasma 

0 

lilll 









FHasraa 

1 

5.1 

20 

0.00153 

0.00043 

0.00110 

0.024 

0.48 


Plasma 

2 

5.5 

15 

0.00109 

0.00018 

0.00091 

0.020 

0.30 


Plasma 

3 

5.5 

150 

0.00089 

0.00008 

0.00081 

0.018 

2.70 


Plasma 

5 

6.8 

175 

0.00045 


0.00045 

0.010 

1.75 







Total 



5.23 

5.2 







Radioactive cystine 







Radioactivity 










per cc. 












Per cc. 


Total spedmen 





u. 

ditisions per second 

rngm. 



mgm. 


Urine 

2 


400 

0.00807 

0.18 



72t 

36* 

Feces 

2 


250 

0.00044 

0.0099 


2.5 

1.2* 







Radioactive o'stine 







Radioactivity 









weigac organ 

per gram 











Per gram 

Total organ 





grams 

divisions Per second 

mgm. 


mgrrt. 



5 


250 

0.00090 

0.020 



5.0 

5.0 


5 



63 

0.00097 




1.3 

1.2 


5 


50 

0.00096 




1.0 

1.0 


5 


200 

0.00090 

0.020 



4.0 

4.0 

Heart 

5 


42 

0.00068 

0.015 



0.6 

0.6 

Brain 

5 



50 

0.00012 

0.003 



0.2 

0.2 

Leg muscle 

5 


2000 

0.00030 

0.007 


14.0 

14.0 


Standard from 0.0080 mgm. cystine had activity of 0.00036 divisions per second. 


Calculated on basis of d,l-cystine ingested. 


t Excreted as sulfate. 
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TABLE III 
Radioactive cystine 

Dog No. S-19; weight 9.1 kgm.; low protein diet 22 days, non-protein diet 9 days; plasmapheresis 16 times; lowest 
plasma protein level S.8 grams per cent; weight loss 1.3 kgm.; radioactive d, 1-cystine (400 mgm.) fed in 2 doses at 24-hour 
interval; non-protein diet supplemented with casein (50 grams), 1-tyrosine (1 gram), and 1-tryptophane (0.25 gram) 
daily; dog died 1 week after last sample withdrawn. 


Specimen 

Duration 
of experi- 
ment 

Total 

protein 

Radio- 

active 

piasma 

removed 

Radioactivity 
per cc. plasma 

Radioactive cystine 
in plasma protein 

Ingested radio- 
active l-cyatlne 
(100 mgm.) 
utiiized 

Plasma 

Non-protein 

fraction 

Protein 

fraction 

Per cc. 
plasma 

Total 

plasma 

removed 


days 

per cent 

cc. 


divisions per second 


mgrtte 

mgm. 

per cent 

Plasma 

0 

5.8 









Plasma 

1 

5.1 

164 

0.00220 

0.00124 

0.00096 

0.020 

3.30 


Plasma 

2 

5.5 

152 

0.00301 

0.00105 

0.00196 

0.040 

6.10 


Plasma 

3 

5.5 

134 

0.00278 

- 0.00052 

0.00226 

0.046 

6,20 


Plasma 

4 

5.8 

150 

0.00260 

0.00072 

0.00188 

0.038 

5.70 


Plasma 

5 

5.1 

191 

0.00178 

0.00041 

0.00137 

0.028 

5.30 


Plasma 

8 

6.2 

172 

0.00118 

0.00027 

0.00091 

0.019 

3.25 







Total 



29.85 

14.8 







Radioactive cystine 





Volume 

Radioactivity 





d, 1-Cystine 






per cc. 












Per cc. 


Total specimen 





cc. 

divisions per second 

mgm» 



mgm. 

per cent 

Urine 

3 


500 

0.00728 

0.15 



75* 

19 


Standard from 0.0080 mgm. cystine had activity of 0.00039 divisions per second. 


* Excreted as sulfate. 


TABLE IV 
Radioactive cystine 

Dog No. S-18; weight 14.5 kgm.; non-protein diet 5 days; plasmapheresis once; radioactive d, 1-cystine 
fed; non-protein diet supplemented with casein (50 grams), 1-tyrosine (1 gram), and 1-tryptophane (0.25 gram) oaiiy, 
dog died 3 days later with bronchopneumonia. 



Duration 
of experi- 
ment 

Total 

protein 

Radio- 

active 

plasma 

removed 

Radioactivity 
per cc. plasma 

Radioactive cystine 
in plasma protein 

Ingested radio- 
active l-cystine 

Specimen 

Plasma 

Non-protein 

fraction 

Protein 

fraction 

Per cc. 
plasma 

Total 

plasma 

removed 

(87 mgm.) 
utilized 

Plasma 

Plasma 

Plasma 

Blood 

days 

0 

1 

2 

3 

per cent 

7.2 

6,8 

5.2 

cc. 

118 

130 

5 

0.000529 

0.000339 

0,000122 

divisions per second 

0.000272 

0.000107 

0.000257 

0.000232 

mgm. 

0.0068 

0.0062 

mgm. 

0.80 

0.81 

per cent 






Total 



1.61 

1.84 

< 





Radioactivity 
per cc. 

Radioactive cystine 

d.l-Cystinc 




Volume 

Per cc. 

Total specimen 

Urine 

3 


CC, 

1000 

divisions per second 

0.00219 

mgm, 

0.058 

1 mgm, 

\ 58* 

per cent 

34 


Standard from 0.0080 mgm. cystine had activity of 0.00030 divisions per second. 


Excreted as sulfate. 





270 


ARNOLD M. SELIGMAN AND JACOB FINE 


TABLE VI 

Radioactive homocystine 

Dog No.^ S-25; weight 8.4 kgm. ; hematocrit 45 per cent; low protein diet 17 days; plasmapheresis 10 times; lowest 
plasma protein level 3,8 grams per cent; hematocrit 20 per cent; radioactive d, 1-homocystine (SO mgm.) intravenously; 
low protein diet supplemented with casein hydrolysate (50 grams) daily; dog died 6 days later with bronchopneumonia, 
pulmonary edema, liver necrosis, and edema. 


Specimen 

Duration 
of experi- 
ment 

1 

Total 

protein 

Radio- 

active 

plasma 

removed 

Radioactivity 
per cc. plasma 

Radioactive homo- 
cystine in plasma 
protein 

Injected radio- 
active d, 1-homo- 
cystine 
(SO mgm.) 
utilized 

Plasma 

Non-protein 

fraction 

Protein 

fraction 

Per cc. 
plasma 

Total 

plasma 

removed 


days 

per cent 



divisions per second 



mgm. 

per cent 

Plasma 

0 

3.8 

HH 




■ 




Plasma 

1 



0.00007 



■ 




Plasma 

2 

4.1 


0.00003 

0.00001 

0.00002 


0.47 

0.9 

Plasma 

3 

3.9 


0 

0 

i 

0 

■ 

■ 

0 

0 






1 

Radioactive homocystine 





Volume 

Radioactivity 











per cc. 



1 









Per cc. 


Total specimen 





cc. 

divisions per second 

mgm. 


mgm. 


Urine 

2 


200 

0.00011 

0.017 



3.4* 

6.8 

Urine 

5 


200 

0 

0 


1 

0* 

0 


Standard from 0.025 mgm. homocystine had activity of 0.00016 divisions per second. 


* Excreted as sulfate. 


TABLE vir 


Radioactive methionine 

Dog No, S-26; weight 9 kgm.; non-protein diet IS days; plasmapheresis twice; lowest plasma protein level 4.1 
grams per cent; radioactive d,l-methionine (50 mgm.) fed; non-protein diet supplemented with casein hydrolysate (50 
grams) daily, and non-radioactive 1-cystine (50 mgm.) twice; experiment terminated after 11 days. 


Radioactivity 
per cc. plasma 

Radioactive methionine 
in plasma protein 

Ingested radioactive 
d.l-raethionine 
(SO mgm.) 
utilized 

Plasma 

Protein* 

fraction 

Per cc. 
plasma 

Total 

plasma 

removed 

divisions 

0.000057 

0.000036 

0.000029 

0.000010 

per second 

0.000005 

0.000010 

mgm. 

0.00017 

0.00034 

mgm. 

0.025 

0.005 

per cent 


Total 0.03 

0.06 

Radioactivity 
per cc. 

Radioactive methionine 


Per cc. 

Total 

specimen 

divisions per second 

0.00058 

0.00014 

0.00069 

mgm, 

0.02 

0.005 

0.024 

mgm, 

?{ 

2.4 

16 

2 

5 


Specimen 


Plasma 

Plasma 

Plasma 

Plasma 

Plasma 


Urine 

Urine 

Feces 


Duration of 
experiment 


days 

0 

1 

2 

6 

11 


2 

4 

4 


Total 

protein 


per cent 

4.1 

3.8 

3.6 

3.7 
4.6 


Radioactive 
plasma removed 


IS 

150 

15 

IS 


Volume 


400 

200 

100 


Standard from 0.0028 mgm. rnetmonine naa accmcy oi uivibiuns 

Standard from 0.028 mgm. methionine had activity of 0,00081 divisions per second. 


Determination of radioactivity made on dialysed specimen. 


t Excreted as sulfate. 
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table vill 




Injected 


Amino add 


I-Cystine 
1-Cystine 
3’1-goniocyEtine) 

j’, JJethionine 

d,I-Methionine 


intravenously. 


■iaule IX 


Weight Total 
fed plasma 
removed 



Highet concern 
o: ammo add in 
protmn fraction 
of plasma 


mgm. Per cc» 

0.024 

0.046 

0.0032 

0.0031 

0.00034 

0.0000 


Ingested amino add 


Incorpor- _ 

atedin Excreted ^let Euppien,„. ^ 

pl^ma U3 iznne remarks 

protein aa sulfate 
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RESULTS 

A summary of the results of the individual ex- 
periments is given in Table IX. The most ef- 
ficient utilization of sulfur-containing radioactive 
amino acids in the production of plasma protein 
was obtained from cystine. Calculations were 
made on the basis of the 1 -cystine content of the 
ingested d, 1-cystine, since d-cystine is not utilized. 
A comparison of dog 11 and dog 19 (Tables II 
and III) shows that the ingestion of 2 doses of 
cystine at a 24-hour interval resulted in a con- 
centration of cystine in plasma protein twice that 
obtained with one dose. Maximum levels were 
obtained in 24 hours. However, the total per- 
centage utilization, which is calculated on the 
basis of the amount of plasma which can be re- 
moved without injury, was 3 times as great. 
This result may have been due to the fact that dog 
19 was an animal in better condition than dog 
11, That dog 19 was a superior plasma producer 
was evident from the fact that repeated plasma- 
pheresis reduced the plasma protein to 5.8 grams 
per cent slowly. 

The importance of hypoproteinemia as a stimu- 
lus to plasma protein production and to the in- 
corporation of cystine in the plasma proteins is 
suggested by results from dog 18 (Table IV), 
The plasma total protein was 7.2 grams per cent 
(plasmapheresis for induction of hypoproteinemia 
was not done) at the time radioactive cystine was 
fed. Only 1.8 per cent of the 1-cystine fed was 
incorporated in the plasma protein withdrawn, in 
contrast to 5 per cent and 15 per cent in dogs 11 
and 19. But since dog 18 developed a fatal in- 
fection, the latter may also have been an important 
factor in producing poor utilization of cystine. 

Much poorer utilization was obtained with 
homocystine and methionine than with cystine. 
This confirms Whipple’s observations on the rela- 
tive importance of methionine and cystine in 
plasma protein production by h^oproteinemic 
dogs kept on a low protein basal diet (2). Sup- 
plementary betaine did not improve the utiliza- 
tion of small amounts of homocystine (cj. dogs 
24 and 25 (Tables V and VI)). In comparing 
dogs 26 and 27 (Tables VII and VIII), inactive 
C3’’stine maj”^ have exerted a slightly beneficial 
effect, but tyrosine exerted none. No evidence 
was obtained in the experiments with homocystine 


and methionine that intravenous administration 
of the amino acids increased their utilization in 
the production of plasma protein. 

The concentration of radioactive cystine in 
liver, lung, kidney, and bowel were found to be 
about the same in one experiment. Less was 
found in muscle, and much less in brain. Similar 
data are given for homocystine in one experiment. 

SUMMARY 

Dogs made hypoproteinemic, according to 
Whipple’s method (1) of low protein intake and 
plasmapheresis, were fed cystine, homocystine, or 
methionine containing radioactive sulfur. In- 
corporation of these amino acids in the plasma 
protein was obtained in each case. The highest 
concentration of amino acid in the plasma protein 
was obtained with cystine. The largest percent- 
age utilization of amino acid in the production of 
radioactive plasma protein was obtained with 
cystine. 

Data are provided in Table IX for estima.ting 
the radioactive potency of the amino acids neces- 
sary to obtain any desired level of radioactivity 
in the plasma protein. 

CONCLUSION 

A technique for the preparation of plasma pro- 
tein tagged with radioactive sulfur, by the utiliza- 
tion of dogs made hypoproteinemic according to 
Whipple’s technique and fed radioactive amino 
acids, has been developed. From dogs so pre- 
pared, the plasma, withdrawn and dialysed, pro- 
vides a source of radioactive sulfur-containing 
plasma proteins in sufficient quantity to make 
possible their use in any study involving the 
movement of plasma protein into or out of the 
circulation. 

Acknowledgment is due Mr. Alexander M. Rutenburg 
and Miss Martha Goldberg for technical assistance. 

The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University. 

BIBLIOGRAPHY 

1. Madden, S. C, and Whipple, G, H., Plasma proteins: 

Their source, production and utilization. Physio . 

Rev., 1940, 20, 194. 

2. Madden, S, C., Finch, C. A., Swalbach, W. G., and 

Whipple, G. H., Blood plasma protein production 



PRODUCTION OF RADIOACTIVE PLASMA PROTEIN 


273 


, and utilization: Influence of amino acids and of 
sterile abscesses. J. Exper. Med., 19-10, 71, 283, 

3. Seliffman, A. M., Rutenburg, A. M,, and Banks, H., 

The preparation of cystine, methionine, and homo- 
cystine containing radioactive sulfur. J. Clin. In- 
vest, 1943, 22, 275. 

4. du Vigneaud, V., Dorfmann, R., and Loring, H. S., 

Comparison of growth-promoting properties of d- 
and 1-cj'stine. J. Biol. Chem., 1932, 98, 577. 

5. Loring, H. S., Dorfmann, R., and du Vigneaud, V., 

Availability of mesoc>'stine for promotion of 
growth in connection with cystine-deficient diets. 
J. Biol. Chem., 1933, 103, 399, 

6. Jackson, R. W., and Block, R. J., Metabolism of 

cystine and methionine; Availability of methionine 
in supplementing diet deficient in cystine. J. Biol. 
Chem., 1932, 98, 465. 


Metabolism of d- and I-methionine. Proc. Soc. 
Exper. Biol, and Med., 1933, 30, 587. 

7. Dyer, H. M., and du Vigneaud, V., Study of availa- 

bility of d- and 1-homocystine for growth purposes. 
J. Biol. Chem., 1935, 109, 477. 

8. du Vigneaud, V., Chandler, J, P., Moyer, A. W., and 

Keppel, D. M., Effect of choline on ability of 
homocystine to replace methionine in diet J. 
Biol. Chem., 1939, 131, 57. 

9. Tarver, H., and Schmidt, C. L. A., Conversion of 

methionine to cystine: Experiments with radio- 
active sulfur (S“). J. Biol. Chem., 1939, 130, 67. 

10. Cowgill, G. R., Improved procedure for metabolism 

experiments. J. Biol. Chem,, 1923, 56, 725. 

11. Seligman, A. M., A modified electroscope especially 

suited for measuring substances with low energy 
radiation. J. Clin. Invest, 1943, 22, 281. 




TRAUMATIC SHOCK. 11. THE PREPARATION OF CYSTINE, 
METHIONINE, AND HOMOCYSTINE CONTAINING 
RADIOACTIVE SULFUR 

Bv ARNOLD M. SELIGMAN, ALEXANDER M. RUTENBURG, A^'D HENRY BANKS i 

(From the Surgical Research Dct'orlment of the Beth Israel Hospital and the Department of 
Surgery, Harvard Medical School, Boston) 

(Received for publication November 12, 1942) 


In order to prepare, from radioactive sulfur, the 
sulfur-containing amino acids of a high order of 
specific activity for biological experiments such 
as those described in the foregoing publication, it 
■\\'as necessary (ov.nng to the cost of radioactive 
sulfur) to investigate the efficiency of utilization 
of small amounts of sulfur. The s}mthetic meth- 
ods utilized are not novel, but are described be- 
low because of the data obtained on yields in 
numerous small scale preparations. Since pres- 
ent methods of preparing radioactive sulfur from 
neutron bombardment of carbon tetrachloride in- 
volve its isolation and purification as BaSO^ (1), 
the schema of S3’nthesis used for the preparation 
of three sulfur containing amino acids begins with 
barium stdfate (Figure 1). 

The synthesis of radioactive methionine (VI) 
from radioactive sulfur (0.05 moles) was reported 
by Tarver and Schmidt (2), using a modification 
of the synthesis of homocystine (V) reported by 
Patterson and du Vigneaud (3). The same 
3delds as they report were obtained in preparing 
homocystine from 0.06 moles of sulfur. How- 
ever, in the methylation of homocj'steine, we were 
unable to obtain the anticipated yields. It was 
found that for preparing homocystine, the more 
convenient reduction of benzylhomocysteine (IV) 
with sodium and butyl alcohol gave as good yields 
^ reduction ■ivith sodium and liquid ammonia. 
For the preparation of methionine, treatment of 
the resultant sodium salt of homocysteine with 
methyl iodide did not give as good yields as re- 
ported by Tarver and Schmidt, whether reduction 
was conducted in liquid ammonia or butyl alcohol. 
Attempted methylation with dimethyl sulfate and 
diazomethane did not proceed well. 

The method of synthesis of cystine (IX) from 

^ Part of this work was done in partial fulfillment of 
the Bachelor’s Degree with honors in biochemistry. Har- 
vard University. 


benzj'l mercaptan (I) (0.6 moles), reported by 
Wood and du Vigneaud (4) in 23 per cent yield, 
was found to give a 21.5 per cent yield when 0.06 
mole was used. Reduction of benzylttysteine 
(VIII) to cysteine with sodium and butyl alcohol 
did not give good yields; therefore, sodium and 
liquid ammonia were used. Since radioactive 
benzyl mercaptan is necessary for the symthesis of 
all three amino acids, a method of preparation of 
the mercaptan from hydrogen sulfide, other than 
that described by Tarver and Schmidt, in 70 per 
cent yield, was investigated. Elementary sulfur 
was prepared from hydrogen sulfide by oxidation 
with iodine, and this w'as treated with benzylmag- 
nesium chloride. The yield of benzyl mercaptan 
w’as 80 per cent. It was found that the yield by 
the method of Tarver and Schmidt could be raised 
4 per cent if the small amount of dibenzylsulfide 
formed in their reaction was reduced to benzyl 
mercaptan with sodium in liquid ammonia. 

The Fischer synthesis (5) of cystine from ^- 
chloroaminopropionic acid with barium hydro- 
sulfide was investigated under various conditions. 
Much poorer yields than the d to 10 per cent re- 
ported on the basis of chloroaminopropionic acid 
w'ere obtained w’hen sulfur w^as not used in large 
excess. 

Attempts to prepare radioactive cystine by re- 
placement reactions of cy'steine and radioactive 
hydrogen sulfide have been described by Tuck 
(6) and Tarver and Schmidt (2). In a rein- 
vestigation of the problem, no more than 0.3 per 
cent of available radioactivity was incorporated in 
cystine (t%vo crystallizations) obtained after heat- 
ing cy'steine hydrochloride with radioactive hy- 
drogen sulfide in aqueous solution at 105° C. for 
10 hours. Heating for longer inten'als, at higher 
temperatures, or at alkaline pH, resulted in de- 
struction of a large fraction of the cysteine. 

The enzymatic preparation of cysteine from 
radioactive hydrogen sulfide has been reported by 
275 
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Fig. 1. Scheme for Synthesis of Cystine, Methionine, and Homocysttne from Radioactive Sulfur 


Smythe and Halliday (7). The isolation of 
glutathione, from yeast grown on media contain- 
ing radioactive magnesium sulfate, has been re- 
ported by Franklin (8). 

EXPERIMENTAL 

Reduction of BaSOt was accomplished by passing Hj 
over finely ground barium sulfate at 750° C. The rate 
of hydrogen flow was determined by bubbling the gas 
through concentrated sulfuric acid. A Vicor glass tube, 

1 inch in diameter, was heated by means of an encircling 


electric oven 15 inches in length. The temperature tyas 
determined once by means of a thermocouple. Escaping 
gas was bubbled through ammoniacal cadmium sulfate 
solution, protected by a trap to eliminate the danger of 
sucking back. The barium sulfate was spread over the 
bottom of a porcelain boat, avoiding a layer more than 
3 mm. in depth. In a characteristic run, 3.14 grams 01 
barium sulfate were reduced for 5 hours. The loss 01 
weight due to water formed amounted to 85 per cent ot 
the theoretical amount. The sintered barium sulfide was 
ground to a powder and the reduction continued for an- 
other 3 hours. The additional water loss amounted to 
per cent of the theoretical amount, and the cadmium su - 


PREPARATION OF AMINO ACIDS CONTAINING RADIOACTTV'E SIj'LFXj'R 


fide formed from the escaping gas amounted to 7.8 per 
cent; total yield of both sulfides, 97.8 per cent. The 
oxidation and hydrolysis of barium sulfide w-as prc\-cntcd 
by scaling under glass. 

Hydrogen sulfide production occurred more rapidly at 
the beginning of reduction when water was seen condens- 
ing in the cold part of the tube. 

Sulfur. Hydrogen sulfide was generated from barium 
sulfide with 30 per cent phosphoric acid and from cad- 
mium sulfide with concentrated hydrochloric acid. The 
gas was swept out of the reaction flask with nitrogen and 
bubbled through two absorption tubes, containing slightly 
more than an equivalent of iodine dissolved in 20 per cent 
potassium iodide. The excess iodine was reduced with a 
little sodium bisulfite and the mixture was neutralized 
with ammonium hydroxide. The mixture was then heated 
at 100° C. for 1 hour to convert the amorphous sulfur to 
the crystalline form. It was ground to a powder, col- 
lected, and v.'ashed with water, alcohol, and ether. The 
yield was quantitative. 

Benzyl mercaptan (7) from sulfur. Benzjd magnesium 
chloride, prepared from 0.12 mole of benzyl chloride and 
0.13 mole of magnesium, was allowed to remain in the 
presence of the excess magnesium overnight to ensure 
complete reaction of the benzj'l chloride. To this was 
added 2.1 grams (0.065 mole) of sulfur. The mixture 
was agitated for 24 hours until the sulfur had disappeared. 
The reaction product was then decomposed with ice Md 
ammonium chloride, extracted with ether, washed, dried, 
and distilled. Benzj-l mercaptan (6B grams, 80 per cent 
yield) distilled as a colorless liquid (b.p. 194°). 
residue, 2.2 grams (b.p. 2 mm. 130° C.), after reduction 
with sodium in liquid ammonia failed to give further 
mercaptan. 

Benzyl mercaptan (7) from hydrogen sulfide. Hydro- 
gen sulfide, passed over a small amount of anhydrous 
calcium chloride, was absorbed in an equivalent of cold 
2 N alcoholic potassium hydroxide (0.065 mole). An 
equivalent of benzyl chloride dissolved in 2 volumes of 
dry ether was added at once. A fluffy precipitate of 
potassium hydrosulfide formed, and was gradually re- 
placed by a granular precipitate of potassium chloride on 
standing in the cold for 15 minutes. The mixture was 
then heated to the boiling point, after taking the precau- 
tion to absorb the hydrogen sulfide which escaped, an 
additional 2 N alcoholic potassium hydroxide (10^ per 
cent of the total). This was treated with an additional 
10 per cent of the benzyl chloride used, added to the reac- 
tion mixture, and allowed to sit several hours. After 
evaporation of most of the ether, the mixture was used 
directly in the preparation of benzylthioethyl chloride 

(II) . For the preparation of benzylthiomethyl chloride 

(III) , benzyl mercaptan was isolated. Distillation of the 
filtrate gave 6 grams (74 per cent yield) of benzjl 
mercaptan (b.p. 194°), and 1.5 grams (4.6 per cent yield) 
of dibenzyl sulfide. Reduction of the latter with sodium 
and liquid ammonia gave 02 gram (4 per cent yield) of 
benzyl mercaptan; total yield 62 grams (78 per ““^7- 
Tarver and Schmidt did not isolate dibenzj-l sulfide, and 


reported a yield of 70 per cent on the basis of the titration 
of an aliquot. 


SYNTHESIS OF HOMOCYSTINE 


Benzj-lthioethyl chloride (II). To the concen- 
trated reaction mixture containing benzyl mer- 
captan in 74 per cent ydeld as described above, v/as 
added an equivalent of sodium methylate in the 
cold. Ten moles of ethylene dichloride (50 
grams) were added and the mixture tvas allowed 
to stand overnight. It was then heated to the 
boiling point, cooled, acidified, and washed trith 
water. The washings were extracted with a small 
amount of ethylene chloride. The combined or- 
ganic layer was dried with anhydrous soditun sul- 
fate, and the ethylene dichloride distilled at at- 
mospheric pressure. The pressure w’as lowered 
and the fraction boiling at 100 to 110° C. at 3 mm. 
was taken. The >-ield was 8 grams (90 per cent) 
of pale yellow oil. 

Benzylthioethyl phthalimidomalonic ester {III) . 
The above oil was heated with 18 grams of soditun 
phthalimidomalonate (9), at 170° C. for 5 hours. 
The product was obtained by extraction with 
toluene. 

S-Benzylhomocysteine {IV). The oily prod- 
uct was refluxed with 20 cc. alcohol and 35 cc. 
5 N NaOH for 30 minutes. Water (100 cc.) 
and 20 cc. concentrated TLCl were added and re- 
fluxing was continued for 30 minutes. After the 
addition of 50 cc. concentrated HQ, refluxing was 
continued for 1 hour. The solution was then 


COQICU diiu , <i4ucuus 

portion was ev'aporated to dryness at reduced 
pressure. The residue was extracted with boil- 
ing absolute alcohol and neutralized with NH^OH. 
The precipitate vras collected, washed with hot 
alcohol, and ether. The yield of fine white plate- 
lets was 5 grams (51 per cent). On ‘the basis of 
BaSO,, utilizing a. 74 per cent yield of benzyl 
mercaptan, the jield was 33 per cent; that re- 
ported by Tarver and Schmidt was 29 per cent 
dl-Homocy Stine {V). Benzylhomocysteine 

(1.56 grams) was suspended in 30 cc. butyl al- 
cohol, and 1.6 grams of sodium were added in 
small pieces to the refluxing mixture over 2.5 
hours. After cooling, the solution was extracted 
with water, the aqueous extract was neutralized 
with HO and made faintly alkahne with NH nw 
A crj-stal of Fea 3 was added, and O, was bulbil 
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into the solution until the color of the dark com- 
plex which formed had disappeared. The solu- 
tion was neutralized, concentrated in vacuo to 75 
cc., and allowed to stand overnight. The pre- 
cipitate was collected, washed with water, alcohol, 
and ether. The mother liquor was concentrated 
and yielded additional homocystine; total yield 
0.6 gram (73 per cent) of fine white crystals. 
The yield based on BaS 04 was 24 per cent. 

SYNTHESIS OF METHIONINE 

dl-Methionine (VI). Benzylhomocysteine was 
reduced with sodium and butyl alcohol, as de- 
scribed for the preparation of homocystine. The 
solution was cooled to — 10° C. Seven molecular 
equivalents of methyl iodide were added, and the 
solution was kept at that temperature for 30 
minutes. Water was added; the solution was 
neutralized and concentrated in vacuo to a small 
volume. After standing, methionine (as white 
leaflets) was collected in 21 per cent yield. When 
more methyl iodide or less was used, and the re- 
action conducted at a higher temperature, less 
methionine was recovered. The yield was not 
improved by following the procedure of Tarver 
and Schmidt. 

The yield on the basis of sulfur used, reported 
by Tarver and Schmidt, was 19.5 per cent. 

SYNTHESIS OF CYSTINE 

Bejjsylthioniethyl chloride (VII). Following 
the procedure of Wood and du Vigneaud, using 
6.3 grams of benzyl mercaptan, 2.1 grams of poly- 
oxymethylene, 2.5 grams of CaCIg and dry hydro- 
gen chloride, 6 grams (68 per cent yield) benzyl- 
thiomethyl chloride was obtained after distillation 
at water pump pressure (b.p. 130° ). A crystal- 
line residue boiling about 200° C. weighed 1.9 
grams, probably consisting of di(benzylthio)- 
methane. This same product was obtained in 
high yield when sodium benzyl mercaptide was 
treated with an excess of methylene dichloride. 

S-Benzylcysteine (VIII). A mixture of 6 
grams of benzylthiomethyl chloride, 14 grams of 
sodium phthalimidomalonic ester, and 30 cc. of 
toluene was refluxed for 2^ hours, according to 
the procedure of Wood and du Vigneaud. After 
filtration and evaporation of the toluene, the vis- 
cous oil was hydrolysed according to their pro- 


cedure. After washing with hot alcohol, the 
yield was 3.1 grams (42 per cent) of fine white 
platelets. 

dl-Cystine (IX). The reduction of 1.25 grams 
of benzylcysteine with sodium in liquid ammonia 
and oxidation to cystine, according to the proced- 
ure of Wood and du Vigneaud, gave 0.53 grams 
(75 per cent yield). Overall yield on the basis 
of BaSO^ was 17 per cent. The yield from benzyl 
mercaptan was 21.5 per cent; Wood and du Vig- 
neaud obtained a 23 per cent yield. The reduc- 
tion of benzyl cysteine with sodiurn and butyl 
alcohol, as already stated, yielded only traces of 
cystine. 

FISCHER SYNTHESIS 

Bombs containing yS-chloroaminopropionic acid 
(10) were heated at 100° C. for several hours with 
an equivalent of Ba(SH) 2 , KSH, and benzyl mer- 
captan in alcoholic, aqueous and dioxane medium. 
In no case was cystine or benzylcysteine isolated. 
The chloroaminopropionic acid was decomposed 
in each case and the odor of acrylic acid' was noted 
when the tubes were opened. 


SULFUR EXCHANGE EXPERIMENT 

In preliminary experiments it was found that 
cysteine hydrochloride largely decomposed when 
heated with more than an equivalent of potassium 
hydrosulfide in a bomb at 100° C. When suf- 
ficient hydrochloric acid was added to the cys- 
teine hydrochloride to neutralize the potassium 
hydrosulfide, cystine was not recovered after 
heating for 19 hours at 100° C. or 1 week at 80 
C. Recovery was 25 per cent after heating 10 
hours at 105° C., 67 per cent after heating 10 
hours at 100° C., and 85 per cent after heating 5 
hours at 100° C. 

A tube containing 800 mgm. cysteine hydro- 
chloride and 4 drops of concentrated HCl was 
suspended in 4 cc. water, containing 17 mgm. of 
cadmium sulfide, containing radioactive sulfur. 
The bomb was sealed and heated with agitation 
until the cadmium sulfide had dissolved. It was 
then heated for 5 hours at 100° C. An 85 per 
cent recovery of cystine was obtained. Radio- 
activity measurements indicated incorporation of 
0.6 per cent of the radioactive sulfur used. After 
recrystallization 0.13 per cent incorporation vas 
found. 
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In anotlicr experiment, using 17 mgm. of cad- 
mium sulfide, 1600 mgm. of cysteine hydrochlo- 
ride, 4 drops of concentrated HCl, and heated for 
10 hours at 100° C., 67 per cent recovery of cys- 
tine was obtained. Actirity measurements in- 
dicated incorporation of 2.4 per cent of radioactive 
sulfur. After recrystallization, 0.26 per cent in- 
corporation was found. 

SUMMARY 

Utilizing synthetic metliods developed by du 
Vigneaud and coworkers and by Tar\'er and 
Schmidt, three amino acids containing radioactive 
sulfur were each prepared from 0.06 mole of 
BaSO^. Cystine was obtained in 17 per cent 
yield, homocystine in 25 per cent yield. The 
yield of methionine from homocysteine reported 
by Tarver and Schmidt was not duplicated. 

An improved method for preparing benzyl mer- 
captan from radioactive sulfur is described. 

Radioactive sulfur was generously supplied by Dr. 
Martin D. Kamen, Radiation Laboratory, Berkeley, Cali- 
fornia. 

The work described in this paper v.'as done under a 
contract, recommended by the Committee on Medical 


Research, between the Office of Scientific Research and 
Development and Harvard University. 
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Radioactivity mcasurcinent.s I,ave heen made 
witli eIectro..copes and Gc.>r-Miillcr discharge 
counters. In eitlier case. aI).>;orptioii of a per- 
centage of the radiation I,y the material in the 
vanons windows used lowers the sensitivitv of 
, e ’"-^-‘nnnent. Tliis is a serious disadvantage in 
asunng snlistances will, low energv radiation, 
such as radioactive sulfur (0.107 Mev ) Re- 
cently developed Geiger-Miiller counters (1. 2) 

> . ntade possible hy (illing the chamber 

lf*hiifn of ^4 1 


cent. The construction of the fiber chamber is 
rejiresented diagramaticaly in Figure 1. 

In general, counters can be constructed without 
■sensitivity to temperature change, with greater 
linearity and more constant background than is 
possible in electroscopes, but the range of activity 
that can be covered is about the same for both. 
The error of the electroscope, due to lack of 
linearity, can be corrected by making standards of 
known dilutions sufficient to cover the range of 
radioactivity being measured. The error of the 


u-ith helium ' ; " chamber radioactivity being measured. The error of the 

ionization chamber pressure (pressure electroscope due to fluctuation in background = 
islesse.xnensivepn i electroscope ean be largely avoided by utilizing a working 

uring device for T ’ts background, 

sufficientlv well worker who is not H’e tables below, therefore, whenever possible, 

keep a Geiger radio-engineering to t'lis range is taken as the zero point in calculating 

ing order. ' ‘^o«"ter in continuous work- deviations from linearity. Table I illustrates the 

sensitiGtTrf'lfie increased the 

troduciiiff tbp electroscope ' by in- 

fiber chamber, ti’e 

air lock in tbp • ^ sliding bar device, with 

chloratefisintrod/ niagnesium per- 

"■av, precipitates ^u chamber. In this 

paper (over 

in the sliding bar are ' ^ cup 

tion within tbp L roduced in a fixed posi- 

radiation from a measure the 

toniinin^i,e2%™"''"‘^-^’ in order 

We hre t self-absorption, 

placing the intro^ ”^od'fied the electroscope by so 

fiber and exactlv T beneath the quartz 

file sensitivitv of thT 1 increases 

-- ' electroscope about 20 per 


deviation from linearity of the electroscope and 
the counter as shown by three sets of standards 
made up from radioactive sulfur precipitated as 
barium and benzidine sulfate. The error due to 
lack of linearity can be partly eliminated by select- 
ing standards with activity close to that of the 
specimens being anal 3 ’^zed. 

In a comparison of this electroscope with a 

= The daily variation in background amounted to 
0.00002 divisions per second. Professor Evans, in a 
personal communication, has pointed out that ionization 
devices f electroscopes) have an inherentlv greater fluctua 
tion in background then Geiger-iNIulIer counters In the 
counter, the entering particle or ray produces one count 
no matter what its energy content may be. But in the’ 
electroscope, the degree of ionization produced by the par 
tide depends on its energy content. The energy conLt 
of ^-rays from any given artificially produced Sdioac ve 
substance, varies over a wide range. Since there is an 
even greater variation in the energy content of h T 
ground particles due to a-rays than\-n th ^ 1 

second due chieflv to nn=o..v ’... " number per 


IP ~ ‘ due chieflv to cosmic r^vs o ' 

C. YS S” 

Xeher (5). and Evans and 
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B - Opening for boat 



Fig. 1. PiioTOGR.'\PH and Diacramatic Representation of Case for 

Lauritsen Electroscope 


Gciger-Miiller counter developed for measuring 
radioactive sulfur, it was found that tlie activity 
of the weakest specimen of sulfur measurable with 
accuracy in the electroscope was of the same order 
of activity as the weakest specimen measurable 
with accuracy in the counter. Measurements of 
a specimen having 0.1 of this activity were off in 
both instruments (Table I). 


Although primarily developed for ineasiiriii},^ 
the soft radiation of radioactive sulfur, it 
found that the electroscope also measures the more 
penetrating radiation of other element.s, accurate!} 
and conveniently (Table II). 

That most of the error was inherent in the 
method of oxidation and handling of the siber 
salt precipitate was shown by comparison of 
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Com/virisoji < 1 / scnsilivily n):t! liiienrily of flcetrnsropc ‘vith Geiger courtier in measuring radioaclive sulfur 



! 

i 

i 

KIcctrf>«cof»c 



Geiger co'ir.ter 


Dilution 0 : 
radioactive 
standard 

Wciclit of 
precipitate* ' 

1 RadiftnetivityS 

• Ratio of radif>- 
1 activity to 
i harkKToiinfJ 

i Deviation 
'■ front j 

, lir.e.'irity 1 

j Radirractivitj-r 

' Ratio of radio- . 

. activity to 
background 

Deviation 

from 

linearity 


S.6 i 

diri’ioij* /r? .Uirn:,, 


ce'.:l 

cour.is p<r rr.iiut'g 


per ar.l 

1 

O.OOO.tf) 

! -1 

0 ' 

250 

; 12 

0 

in 

7.4 

0.0000.58 

0.5 ! 

! -r5 

.52 

1.6 

-f-28 

i(XJ i 

7.0 j 

0.0000021 

' 0.09 j 

1 -46 ' 

10 

' 0.5 

4-300 

1 

t i 

8.8 1 

0.00047 

I 

! 7 ! 

0 

260 

13 

0 

10 

9.0 ! 

0.000064 

i ; 

-f-.56 

28 

1.4 

-r-7 

100 

8.9 1 

0.00001.5 

1 0.18 ! 

-rI75 

5 

0.2 

-f90 

1 

25 

100 

1000 i 

' 10.5 i 

9.7 1 

0.0.5.5 

0.0015 

0.000.58 

1 

' 250 ! 

1 10 i 

j .5 

--13 

-1..5 

0 

165 

i 

' 16 

0 

9.3 1 

j 

0.000028 

! 0.2 ; 

1 

-26 

18 

2 

4-9 


• standard was diluted with inert sulfate before precipitation. 

T MabO< predpitate. 

+ Benzidine sulfate precipitate. 

dKision per second represents 20 small scale divisions of the electroscope, at least 4 small scale divisions were 
clocked in each determination. 

of Tec^ol^'^^' *^*^'^ Henriquos, Har\'ard University, and Dr. Robley Evans, Massachusetts Institute 


ur^ients of plasma treated by both tlie o.xidation 
^chnique and evaporation to drj-ness (Table III), 
le greater deviation from linearity shown with 
specimens in Table III as compared to 
table II may be due to an e.xcessive weight of 
silver precipitate. 


table II 

b'nearf/y shoivn in Z sets of standards 
P P<i from radioactive bromine precipitated 
os silver bromide 


Dilution 
of radio- 
active 
standard 

Weight of 
silver 
bromide 
predpitate^ 

Radioactivity 

Ratio of 
radio- 
activity to 
background 

De^uation 

from 

linearity 

1 

10 

100 

16.7 

14.8 

14.9 

divnions per 
second^ 

0.0074 

0.00058 

0.000064 

60 

5 

0.5 

per cent 

4-27 

0 

4-10 

^oo 1 ► 

13.8 

16.5 

15.5 

0.0041 

0.00048 

0.000080 

35 

4 

0.7 

-14 

0 

-17 


stands _ 

^ precipitation. 

of the*^ plprt^'°" ''optesents 20 small divisions on 

clocked In p 4 small divisi. 

oiocked in each determination. 


It was found when radioactive bromine possess- 
ing a high order of radioactivity (approximately 
0.3 divisions per second) was measured in the 
electroscope, the background of the instrument 
was affected unfavorably for a period of weeks to 
months. In one case, the background changed 
from 0.00006 divisions per second to 0.0005 di- 
visions per second. That the change was not due 
to foci of secondary- radiation in the electroscope 
chamber was shown by transferring the chamber 
to another electroscope. The change v.-as prob- 
ably due to iom'zation of the insulating material 
supporting the fiber, allowing leakage from the 
charge on the fiber. On 2 occasions, a sjxmtane- 
ous return to normal background occurred over 
a period of weeks. The phenomenon exhibited 
a threshold; for repeated measurements of potent 
specimens of a lesser order of activity did not alter 
the background of the instrument. It is there- 
fore wise to have on hand a second electroscope, 
if specimens of a high order of actirity are to be 
dealt with. In the routine use of the instrument, 
the fiber was charged at least one hour before use 
to saturate the insulator material. 
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TABLE HI 


Comparison of measurements of plasma treated by both oxidation and evaporation 


Dilution of 
radioactive 
standard 

O.vidation method 

j Evaporation method 

; Weight of 

1 siU'er bromide 
precipitate 

Radioactivity 

Ratio of radio- j 
activity to 
background j 

Deviation 

from 

linearity 

Radioactivity 

Deviation 

from 

linearity 


mgm. 

! 

divisions per second 

i 

per coll 

divisions per second 

per cent 

1 

25 

0.0356 

500 j 

-51 

0.0769 

-2 

2 

25 

0,0227 

320 

-34 

0.0416 ! 

4-6 

4 

24 

0.0146 

200 

-11 

0.0192 

-2 

8 

23 

0.0092 i 

130 

•4-15 

0.0099 

4-i 

16 

22 

0.00403 

57 

0 

0.0049 

0 


SUMMARY 

A modification of the Lanritsen electi'oscope, 
which increases its sensitivity, is described. This 
makes it possible to measure the soft radiation 
from radioactive sulfur with an accuracy com- 
parable to that of Geigei'-Miiller counters con- 
structed for the same purpose. Other radioac- 
tive elements may also be measured with this 
instrument. 

It is expected that this simple instrument will 
be particularly useful to biological investigators 
unable to procure and maintain in continuous run- 
ning order the more complicated Geiger-Muller 
counter. 

We are indebted to Dr. Frederick Henriques of Har- 
vard University, and Professor Robley D. Evans of 
Massachusetts Institute of Technology, for the compari- 
sons with their Geiger-Miiller counters. Dr. Henriques 


gave valuable advice and assistance in the construction of 
the electroscope chamber. 

The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University. 
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TRAUMATIC SHOCK: IV. A STUDY OF THE PROBLEM OF THE 
“LOST PLASMA” IN HEMORRHAGIC SHOCK BY THE USE 
OF RADIOACTIVE PLASMA PROTEIN 

By JACOB FINE and ARNOLD M. SELIGMAN 

{From the Surgical Research Department of the Beth Israel Hospital and the Department of 
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A prerailing opinion is that an increased per- 
meability of the capillaries exists in shock and 
that a consequent loss of plasma into tissues en- 
sues, so that the effective circulating blood volume 
falls to a level incompatible with life. This loss 
of plasma is presumed to occur generally through- 
out the body as well as in areas of local injury, 
because the replacement of all or more than can 
be accounted for as lost at the site of injury is 
unable to sustain the organism. The evidence in 
favor of this theory is derived from the following : 
(J) There is peripheral stagnation of circulating 
blood, as shown by hemoconcentration, cyanosis, 
lowered venous oxygen, decreased venous return 
to the heart, decreased pH of venous blood, and 
prolonged circulating time; (2) the tissues are 
wet or hemorrhagic; and (J) the circulating 
plasma volume, as determined principally by dye 
methods, is reduced sharply. 

The difficulty in accepting this evidence as con- 
clusive is that fatal shock may occur in the ab- 
sence of some of the above-mentioned features. 
For example, hemorrhagic or edematous tissues 
and hemoconcentration are not usually found in 
fatal shock resulting ; from simple hemorrhage. 
When they do occur, they may be explained as 
phenomena of tissue deterioration in a d3dng or- 
ganism, whatever the cause, more especially if 
an abundance of intravenous fluids has been sup- 
plied. The decline in effective circulating volume 
and in the volume of venous return to the heart 
are constant findings, but they are readily ac- 
counted for by the loss of blood in the case of 
shock from hemorrhage, or the escape of plasma 
into areas of injury in such types of shock as 
trauma, bums, infections, and intestinal strangu- 
lation. The fact, however, that adequate replace- 
ment of a known or calculated plasma loss ■wall 
reverse the deteriorating trend in shock if given 
sufficiently early, but not if given late, has led 


to the inference that the plasma escapes every- 
where from the circulation in the late or irreversi- 
ble phase because of capillary “leakage.” It is, 
moreover, clear that a fatal loss of plasma (40 
per cent), if generally and evenly distributed 
throughout the body, may not be detectable by 
ordinary methods of measurement. Hence, the 
elusive nature of the “lost plasma.” Obviously, 
it is essential to establish or deny the claims for 
the “lost plasma” hypothesis if we are to be prop- 
erly oriented, not only as to the mechanisms in- 
volved, but as to the direction by which improve- 
ment in therapeutic techniques may be achieved. 

Since the incorporation of a radioactive ele- 
ment into the plasma protein molecule provides 
an unmistakable label for the identification of 
plasma proteins, which presumably would be lost 
with the non-protein fraction, the use of such 
radioprotein was considered a more promising 
technique for the solution of the “lost plasma” 
problem than other available methods. 

Such labelled proteins are valid tools so long 
as they are not denatured in preparation or do 
not behave like a foreign protein when used in 
the experimental animal. Accordingly, sulfur, a 
natural constituent of plasma protein, was first 
selected as the element to be made radioactive 
for incorporation into the protein. The special 
problems involved in this synthesis have been 
fully discussed in preceding papers of this series 
( 1, 2) . The prepared radioactive sulfur-contain- 
ing plasma protein has been sufficient for study of 
its disappearance rate upon injection intraven- 
ously into the normal and shocked dog, but ex- 
tensive observations could only be made with 
extraordinary difficulty because, (!) radioactive 
sulfur can be obtained only occasionally and in 
small amounts, (2) the sjmthesis of radiosulfur- 
containing 1-cystine can be achieved at best wn'th 
only an 8 per cent >'iefd on the basis of sulfur. 
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and (i) the yield of plasma protein is only 15 
per cent on the basis of radioactive 1 -cystine fed. 
For this reason, radiobromoprotein, which can be 
prepared relatively easily (as will be described 
below) was utilized for the bulk of the observa- 
tions. This was possible because it was found 
that radiobromoprotein, containing less than 0.1 
per cent bromine, possessed nearly, as slow a dis- 
appearance rate from the blood stream of normal 
dogs as radiosulphprotein. 

This communication is concerned with a study 
of the movement of plasma and plasma protein 
from the blood stream into the tissues in the 
normal dog and in the dog shocked by hemor- 
rhage. The data at hand contradict -the theory 
that a progressively increasing loss of plasma 
from the circulation occurs in shock due to 
hemorrhage. 

METHOD 

Preparation of plasma protein containing radioactive 

sulfur 

The preparation of radioactive plasma protein • from 
radioactive sulfur-containing cystine by hypoproteinemic 
dogs, was described in a preceding paper (2). Radio- 
active plasma was removed from these dogs and dialysed 
for 36 hours in running tap water. In order to prevent 
the extensive precipitation of globulins which are re- 
dissolved with difficulty, 1.0 cc. of 25 per cent sodium 
carbonate per 10 cc. plasma was added before dialysis 
was begun. Dialysis was continued in physiological 
saline as soon as precipitation occurred. When desired, 
plasma was concentrated by evaporation in a cellophane 
bag with electric fan ventilation. Following dialysis, 
radioactivity of the non-protein fraction of plasma rep- 
resented 0.14 per cent of the total radioactivity. The 
preparation of tissue and plasma containing radioactive 
sulfur for radioactivity measurement is described in 
paper I of this series (2). 

Preparation of radioactive bromoprotein 

' Radioactive bromine was obtained from ethyl bromide 
after neutron bombardment, by two extractions with 400 
cc. each of 2 to 3 per cent sodium carbonate. Two per 
cent sodium sulfate was added to prevent emulsification. 
The aqueous extract was then extracted with ether to 
remove ethyl bromide.^ A few pellets of sodium hy- 
droxide were added, to the aqueous extract (some 800 
cc.), which was then evaporated to 100 cc., cooled and 

1 Unless this procedure is followed, or if stronger 
alkali is used, excessive hydrolysis of ethyl bromide— 
1.0 to 1.5 grams bromine from 35 kgm. ethyl bromide- 
results. Wet ethyl bromide was stored in the cold. By 
the procedure outlined, as little as 20 to 40 mgm. bromine 
arc obtained from 35 kgm. of ethyl bromide. 


neutralized with cold 50 per cent sulfuric acid. The 
solution was then transferred to an all-glass distilling 
apparatus with water cooled condenser, ice-cooled water' 
trap, and final trap containing a small amount of 25 per 
cent sodium carbonate solution. A mixture of powdered 
manganese dioxide in concentrated sulfuric acid was 
added in excess, and the mixture was heated to boiling. 
An estimate of the quantity of bromine obtained was 
made from the volume of bromine and bromine water. 

The cold bromine and bromine water were added at 
once with swirling to 10 to 15 cc. of a cold 25 per cent 
sodium carbonate solution. The resulting yellow solution 
of sodium hypobromite was added immediately . to 30 to 
60 cc. of cold plasma. After thorough mixing, it was 
allowed to stand at room temperature for 45 minutes. 
An aliquot of this solution was taken for determination 
of the radioactivity of the total bromine used in bromina- 
tion of the plasma. The remaining solution was placed in 
cellophane tubing (1% inches in diameter) which was 
ligated with 3 ties, close to the top of the column of solu- 
tion, to prevent too large uptake of water. It was then 
dialysed in running tap water for 36 hours. The bag was 
slowly rotated during this time. Only a slight amount of 
precipitate formed during the dialysis. This was cen- 
trifuged and the supernatant fluid used in the experiments 
to be described. 

An aliquot was taken for determination of the amount 
of radioactive bromine attached to protein. The activity 
of the non-protein fraction was determined with the fil- 
trate obtained after precipitation with an equal volume 
of 20 per cent trichloroacetic acid. Values varying from 
0.2 to 0.8 per cent of the total activity of the plasma were 
found in this non-protein fraction. With these data,^ it 
was possible to calculate the percentage of the bromine 
used in the bromination which was attached to the plasma 
protein. This varied from 20 to 30 per cent. 

From the approximate weight of bromine used m 
bromination, the percentage utilization, and the plasma 
protein concentration, the percentage bromine in the 
bromoprotein was calculated. This varied from 0.05 to 
5.0 per cent. From the estimated minimal molecular 
weights (3) of serum albumin (45,000) and serum 
globulin (81,000), it is evident that if one atom o 
bromine (82) is incorporated in each protein molecule, 
the resulting percentage of bromine in bromoalbumin 
would be 0.18 per cent and in bromoglobulin 0.10 per cent. 
Therefore, in order to tag a maximum number of protein 
molecules with a minimum number of radioactive bromine 
atoms, the optimal percentage of bromine in the bromo 
protein desired should be 0.1 to 0.2 per cent. 
protein containing 5 per cent bromine would contain a 
bromine atoms on each protein molecule. 

When the bromination was conducted in stronger a a i, 
a more denatured soluble protein was obtained. > 

efficient bromination of protein was obtained with so lUf^ 
hydroxide as with sodium carbonate, but evidence 
denaturation of the protein appeared from the fact ^ ^ 

protein disappeared from the circulating plasma in no. ma^ 
animals at an abnormal rate. Ammonium hydroxide vva 
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unsatisfactory because it rapidly decomposed the sodium 
hypobromitc. 

Slobilily of the bromine linkage in radioactive bromo- 
protein 

In order to determine the ease with which bromine 
could be removed from its points of attachment in the 
protein molecule, a specimen of radioactive dialysed 
plasma was hydrolysed with trypsin and sulfuric acid. 

Trypsin hydrolysis. To 2.0 cc. of plasma were added 
IS rngm. of crj'stalline tOTsin and the mixture was in- 
cubated at 37° C. for 3 hours. A very slight precipitate 
was obtained when an equal volume of 20 per cent tri- 
chloroacetic acid was added. 

Sulfuric acid hydrolysis. Plasma (2.0 cc.) and 6.0 cc. 
of 25 per cent sulfuric acid were heated in a sealed tube 
at 70° C. for 7 hours. A slight precipitate was obtained 
when an equal volume of 20 per cent trichloroacetic acid 
was added. 

To each filtrate obtained as described above, and to 
the non-protein filtrate prepared in the same sray from 
2.0 cc. of plasma, potassium bromide equivalent to 7.0 
mgm. of silver bromide was added, followed by an excess 
of silver nitrate. The precipitates were collected and the 
radioactivity of each was determined. 

The plasma was found to contain 0.85 per cent of its 
radioactivity as ionic bromide. After trypsin hydrolysis, 
this increased to 2.6 per cent and after sulfuric acid 
hydrolysis, it increased to 3.0 per cent. Analysis of the 
urine of a dog which was given 30 cc. of this specimen 
of dialysed radioactive plasma intravenously, showed an 
excretion (as ionic bromide) of 1.3 per cent of the radio- 
activity which was injected, in a 12-hour period. 

In another experiment, 100 cc. of radioactive dialysed 
plasma, containing 0.5 per cent of its radioactivity as ionic 
bromide, was given intravenously to a dog. Analysis of 
pooled plasma specimens, collected over a period of 12 
hours, showed a content of 3.7 per cent of the radioac- 
tivity in the ionic bromide fraction. 

In still another experiment, pooled plasma from 3 dogs 
(normal and shocked), one half hour after injection of 
radioactive bromoprotein, showed 0.07 per cent of the 
radioactivity in the non-protein fraction and 5 hours later 
the non-protein fraction contained 1.1 per cent of the 
plasma radioactivity. 

This experimental evidence indicated that some 3.0 per 
cent of the radioactive bromine incorporated in the plasma 
protein could be liberated by in vitro or in vivo hydrolysis, 
but that some 97 per cent was firmly found .in one or more 
amino acids, presumably tyrosine and possibly trypto- 
phane (4). It is expected that bromine in such a link- 
age would be liberated by nothing less than destruction 
or degradation of the aromatic ring holding the bromine 
atom. 

Preparation of plasma and tissues containing radioactive 
bromine for radiactivity analysis 

Because bromine emits a /S-ray of sufficient penetrability 
(0.7 Mev.), it is possible to prepare plasma, lymph, or 
urine for radioactivitj' measurements simply by evapora- 


tion to do’ncss. For accurate comparison. of specimens, 
the dry weight of the specimens should be approximately 
the same. 

For analysis of tissue for content of radioactive bro- 
mine, it was found desirable to oxidize the specimen in the 
presence of silver nitrate and measure the radioactivity 
of the resulting silver halides. The weight of silver 
halides was kept constant as far as possible (see below). 
For accurate comparison of plasma and tissue radioac- 
tivity, the silver salt method svas used for both. 

Each specimen for analysis (1 gram) was oxidized in 
a 100 cc. Kjeldahl flask with nitric acid and superoxol 
in the presence of an excess of silver nitrate (equivalent 
to 30 mgm. silver bromide). A standard weight of 
potassium bromide (equivalent to 7.0 mgm of silver bro- 
mide) was added to each flask. When standard dilutions 
of plasma were oxidized, chloride content was made up 
by adding 1.0 cc. of normal plasma or O.-S cc. of 0.9 per 
cent saline solution. 

The oxidation required 1.5 to 2.0 hours. Care was 
taken to avoid ignition when approaching dryness. Nitric 
acid and superoxol were added in small quantity alter, 
nately until an ash was formed. Heating was continued 
until nitric fumes disappeared. Fumes were removed by- 
water pump aspiration through a tube which fitted 
loosely over the top of the Kjeldahl flask. The resultant 
yellowish-white ash was dissolved in 15 to 20 cc. of con- 
centrated ammonium hydroxide. This was facilitated by 
leaving the ash in the ammonia overnight. A small 
amount of white ash (usually noted with tissue such as 
liver and kidney) failed to dissolve. This was ignored, 
since it was found to be acid soluble (probably phos- 
phate). The solution was then transferred to a 50 cc. 
beaker, with the aid of additional ammonia. The solution 
was evaporated smoothly on a hot plate until a precipitate 
began to form. Two to 3 cc, of 20 per cent nitric acid 
were than added and the evaporation continued to 3 to 
4 cc. An additional 2 to 3 cc. of 20 per cent nitric acid 
Was added and the mixture was allowed to remain in the 
dark and cold for one half hour. The predpitate was 
then collected over an area of 1.54 sq. cm. in a filtration 
apparatus already described (2). The precipitate was 
tvashed with water, acetone, and finally, an acetone solu- 
tion of vinylite, and sucked dry. Care was taken to 
Secure a layer of uniform thickness. It was found that 
the vinylite film agglutinated the silver salt particles into 
a flexible, easily handled layer. Precipitates weighing 14 
to 16 mgm. were regularly obtained. 

To test the reliability of this method of oxidation and 
Precipitation, standard dilutions of radioactive bromo- 
protein were made with normal plasma. Comparative 
measurements of radioactivity were made with both 
evaporated and oxidized specimens (Table III of fore- 
going paper). Greater deviation from linearity was noted 
in oxidized specimens (consistent loss). 

Measurement of radioactivity 

Radioactivity measurements were made with a modified 
Lauritsen electroscope described in the preceding paper 
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(S). Plasma- (1.0 cc.) -was evaporated in an electric 
oven at 85° to 90° C. in shallow brass cups of uniform 
size, which were introduced in a fixed position into the 
electroscope chamber by means of a sliding bar device. 
Precipitates of silver bromide on filter paper were also 
introduced in brass cups in the same manner. Parallel 
"evaporated" and "oxidized” specimens of standards of 
radiobromoprotein solutions used for injection were read, 
so as to permit tissue calculations. 

All standards and specimens were measured on the 
same day, the time of measurement of each was recorded, 
and the decay for the total period of electroscopic analysis 
determined by repeating the measurement of the first 
specimen. Radioactivity in division per second for each 
specimen was corrected to zero time. When such meas- 
urements were made, as was usually the case, 5 to 6 days 
after the preparation of the radioactive bromine, short 
half-life bromine had deteriorated to such an extent that 
the rate of decay corresponded fairly well with the rate 
of decay of 34-hour half -period bromine (Br“). 

Rate of disappearance of radioactive plasma protein from 
plasma of normal dogs 

In the course of the experiments to be reported, radio- 
active plasma was given to normal anesthetized and un- 
anesthetized dogs, intravenously. The rate of disappear- 


ance of radioactive protein from the circulating plasma 
was determined in each case. The percentage of the 
radioactive protein injected, which was found circulating 
in the plasma, was calculated from the unit radioactivity 
of plasma, the plasma volume, and the total radioactivity 
of the protein injected. 

In the case of the plasma protein containing radioactive 
sulfur, 90 per cent of the radioactive protein was cir- 
culating 5 hours after injection, 70 per cent, IS hours 
after injection, and 45 per cent, 48 hours after injection 
in two experiments. 

The results with plasma protein containing radioactive 
bromine were more variable, depending upon the degree 
of denaturation of the protein. Denaturation was in- 
creased by increasing the bromine content of protein and 
by bromination in strong alkali. Figure 1 is a composite 
of these results with radioactive plasma protein in normal 
anesthetized dogs. The slowest rate of disappearance of 
radioactive bromoprotein comparable to the rate of dis- 
appearance of radioactive sulfur-containing protein was 
obtained with bromoprotein having less than 1 per cent 
bromine and prepared with sodium carbonate. Because of 
the variation in the rate of disappearance from the cir- 
culation of bromoprotein with different bromine percent- 
ages, and because of the impossibility of preparing radio- 
active bromoprotein of constant bromine composition, it 
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Fig 1 Rate of Disapfeauance of Radioactive Bromoprotein (containing various 
BROMINE AND PREPARED IN SEVERAL WAYS) FROM THE CIRCULATING PlaSMA OF NORMAL ANESTH - 
Docs Compared to Radioactive Plasma Protein Containing Radioactive Sulfur 
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Fig. 2. Experiment 13 

Since the slopes of the radioactivity curves in all three dogs show an ap- 
proximately parallel course, it follows that the shocked dogs did not lose 
radioactive protein from the plasma at a greater rate than the control dog. 

See Table II for tissue analyses. No evidence of plasma protein loss 
(within the limits of error) was noted in the shocked dog Si, as compared to 
the control dog. 
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Houas 

Fic. 3. Expehuient 11 

The increased slope of both radioactivity curves for dogs Sj and S- as compared 
to that of dog C, immediately after bleeding, is probably due to dilution by mobilized 
extravascular fluid. Their subsequent parallel course indicates that the shocked 
dogs did not lose radioactive protein from the plasma at a greater rate than the 
control dog. There is no difference in the disappearance curves betv,-een the dog 
in deep shock (S, probably irreversible) and the dog in less severe shock (S, 
probably reversible). 

See Table II for tissue analyses. Except for kidney (Si) and thoracic sldn (S, 
and Si), no evidence of plasma protein loss in the shocked dogs as compared to 
the control dog was noted. The dog in deeper shock (Si) showed no significant 
increase in tissue radioactivity as compared to dog S,. 
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Fig. 4. Experiment 7 

No evidence of significant hemoconcentration or hemodilution is obtained from the data. There is no greater 
rate of disappearance of radioactive protein from the circulating plasma in the shocked dog as compared to 
the control dog. No progressive loss of plasma was found with the dye method. The plasma volume 
hours after hemorrhage is the same as that calculated on the basis of plasma removed in hemorrhage and sam- 
pling. 

See Table II for tissue analyses. Plasma loss into ileum and liver was found. 


Total Protein Per Cent Raoioactwe Protein in Plasma 
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Fig, 6. Experiment 9 

The parallel slopes of the radioactivity curves in shock and after a plasma infusion, indicate no greater loss 
of radioactive protein in the shocked dog than the control dog. Plasma volume measurements show no loss of 
plasma, except for that removed by hemorrhage, up to the time of the infusion. A deficiency of 185 cc. ot 
plasma from the circulating plasma was found after the infusion. Since no change in concentration of radioac- 
tive protein was noted after the infusion had mixed, whole plasma must have been trapped out of active circu- 
lation or lost into tissue. 

See Table II for tissue analyses. Loss of plasma into liver, skin, and leg muscle was found. 

A similar experiment with 3 shocked dogs and 2 controls (Exp. 10 and 12, Table I) gave the same results. 
Radioactive protein disappeared from the circulating plasma at the same rate for both shocked and control dogs 
before and after plasma infusions. No tissue analyses were done in these dogs. 






"lost plasma” in hemorrhagic shock 



HOURS 

Fig. 7. Experhiext 8A 

Evidence of slight hemodilution is obtained from the plasma total protein and 
radioactivity curves, and plasma volume measurements earlj’ in shock. Marked 
dilution occurred after the infusion. 

The percentage of radioactive protein circulating in the plasma increased after 
the saline infusion to a level higher than was noted immediately after the in- 
jection of the radioactive protein. This can only mean that due to poor mixing 
of the injected plasma during shock, some concentrated plasma was held stag- 
nant in capillaries imtil it was rvashed into the circulation by the infusion. 

See Table II for tissue analyses. If the plasma lost is assumed to have the 
activity noted at the end of the experiment, the difference in tissue activity (cor- 
rected) between control and shocked dog permits a calculation of the amount 
lost in liver to be 180 cc., in lung 40 ca, in sldn 40 cc., and in leg muscle 27 cc. 
of plasma (total 287 cc.). Although the error introduced by this assumption 
gives higher values than probable, the data suggest loss of plasma protein into 
tissue following a saline infusion in late hemorrhagic shock. 
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Fig. 8. Experiment S-1 

Radioactive plasma containing radioactive sulfur was used. A plasma volume determination in the 
shocked dog at the beginning of the experiment, and just before the terminal decline in blood pres- 
sure, showed a deficiency of nearly 300 cc. of actively circulating plasma, even though nearly all the 
blood had been returned. 

Inspection of the radioactivity curves shows a rapid loss of radioactive protein during the period 
of rapid collapse, and mobilization of radioactive protein into the active circulation after transfusion 
and rise in blood pressure had occurred. This finding is similar to that of experiment 8A, Fig. 7. 
Evidence of mobilization of radioactivity was not noted in experiments in which the radioactive pro- 
tein was given before hemorrhage, when adequate mixing with the circulating plasma was allowed 
(Fig. 6). It is therefore possible that the observed phenomenon is due to inadequate mixing of radio- 
active plasma, rather than to loss through capillary leakage. 

The plasma deficiency observed by the dye method is 37 per cent of the original volume. This is 
much higher than obser\'ed in any other experiment involving transfusion in the late shock phase 
(Table III). This suggests that the deficiency in part at least may have been due to poor mixing 
of dye. That inadequate mixing existed in this experiment was evident from the curve of radio- 
activity following injection of radioactive protein. 

Another experiment (Experiment S-3, Table I) was done in which radioactive plasma containing 


Per Cent Radioactive pROTTEiM in Plasma 




297 


"lost plasma" in hemorrhagic shock 


heir weight, the existing differences in unit and total 
adioactivity of plasma, the volumes of hemorrhage, and 
if transfusion. 

This correction - assumes that the plasma volume is 
ariabic (hemorrhage or transfusion), and that the 
apillarj’ bed is about constant in area for any one animal. 
. Equating the activity lost from the blood to the ac- 
ivity gained by the tisues we have: 

.1) TA = VP^{UAb- Vk)(.UAk- UA,r) 

+ {VPo- Eid- Vtr){UA.- UA.) 

vhere 

7V1 = Total radioactivity in the extravascular com- 
ponent of tissue 

KPo= Plasma volume at zero time 
F»= Plasma volume of withdrawn blood 
E»r=Volume of transfusion (plasma or saline) 

K4o = Unit activity of plasma at zero time 
UAh = \3mt activitj’ of plasma just before hemorrhage 
UA (r=Unit activity of plasma just before transfusion 
Z^j4i=Unit activity of plasma just after transfusion 
f/j4(=Unit activity of plasma at time of death 

Followng a transfusion of non-radioactive plasma or 
saline, the total radioactivity circulating before transfusion 
may be equated to the total radioactivity circulating after 
transfusion as follows: 

(2) (EPo- Ea) IM„= (EPo- Ei+ E,0 UA, 

We have by substitution in (i), 

(J) TA = EPo(17.4o- UA,)-Vk{UAh- UA,)-V,r{UA,) 


particular tissue, then 



IE 

where 


.4=The observed radioactivity of 1 gram of tissue 
TA =Total radioactivity in the extravascular component 
of tissue (see equation {4)) 

IE= Body Weight. 


It follows that 

■(d) 


F. A. W. TAc 

Fc AcWc TA, 


when the subscript c represents the control dog and s 

A 

represents the shocked dog. Now — is the "actual” ratio 

"C 

given in Table II. The “corrected" ratio A ^ obtained 

•* C 

by multiplying the "actual” ratio by the “corrected fac- 
tor." (Table II). 


RESULTS 

The data of the inditadual experiments are 
shown in Figures 2 to 8, with accompanying 
legends. Table I summarizes protocol data which 
may be used as a reference for the interpretation 
of Table II, which gives the data in regard to 
plasma protein loss into various tissues. 


or 


COMMENTS 


(4) TA = EPo UAo-Vk UAu - ( EPo- Ea+ V„) UA , 
where 

EPo lI<4o= Total radioactivity injected (This value does 
not depend on a plasma volume determina- 
tion) 

EaIL4a = Total radioactivity removed by hemorrhage 
(EPo-Ea-E E(r)CL4<=Total radioactivity’ left in the 
circulation at the time of death. 

Where no transfusion is given Eir=0. If F is the fraction 
of extravascular radioactivity per gram of dog (assuming 
the radioactivity lost from the blood to be evenly dis- 
tributed throughout the animal) found in 1 gram of a 


^ We are indebted to Professor Robley Evans, Massa- 
chusets Itnstitute of Technology, for deriving the follow- 
ing equations. 


From the figures of the foregoing experiments, 
it may be stated that the radioactivity curves of the 
circulating plasma in normal and shocked dogs, 
which have not received infusions, are substan- 
tially the same. The disappearance of radio- 
protein from the circulation, as judged by the 

’Whenever available, a measured plasma volume was 
used instead of the theoretical volume (EPo— EA-f-E/,). 
When actual plasma volumes were not available, the esti- 
mated volume was used. This estimated volume we re- 
gard as reliable because the average difference between 
actual and expected plasma volumes in the early phase of 
shock is 9.3 per cent while in the late phase this differ- 
ence is even less, except when infusions are given (See 
Table III). 


radioactive sulfur was injected before hemorrhage. Both control and shocked dogs suffered a nitri- 
toid reaction with a drop in blood pressure to 70 mm. Hg. During the succeeding 6 hours, both 
blood pressures returned to normal. The shocked dog was then bled and shock ensued for 3 hours 
with a gradual decline of blood pressure to 45 mm. Hg. Blood withdrawal for plasma volume deter- 
mination killed the shocked dog. 

Six hours after the injection of radioactive plasma, the per cent of radioactive protein circulating 
in the plasma and the unit activitj' of plasma was about the same in both dogs. The slopes of the 
curves remained parallel during the onset of shock in the shocked dog. These obsenations are simi- 
lar to those noted with radioactive bromoprotein (Figs. 2 and 3). 
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TABLE I 


Summary of protocol data 


Experi- 

ment 

number 

Figure 

number 

Anesthesia 
in addition 
to morphine 

Radioactive plasma 

Piasma 
volume 
removed 
in hemor- 
rhage 

Infusion 

Duration of 
experiment 
after injec- 
tion of 
radioplasma 

Dura- 
tion of 
shock 

Piasma loss 
from analysis 
of tissue 
(see Table 11 ) 

Bromine in 
bromoprotein 

W. I.* 

W. 

Injection 
before or 
after hem- 
orrhage 




Per cent 



per cent 


/lours 

/tours 


13 Si 

2 

Novocaine 

1.0 

1.0 

Before 

28 

None 

3 

2 


13 S 2 

2 

Novocaine 

1.0 

1.0 

Before 

46 

None 

5 

4 

No loss 

11 Si 

3 

M ovocaine 

1.1 

1.0 

Before 

45 

None 

7.5 

4 

Kidney, tho- 

11 S 2 

3 

Novocaine 

1.1 

n 

Before 

42 

None 

7.5 

4.5 

racic skin 
Kidney 

7 

4 

Sod. barb. 

0.1 

mEM 

After 

31 

None 

14 

11 

Liver, ileum 

8 B 

5 

Sod. barb. 

1.2 


After 

45 

None 

6.5 

7 

No loss 

9 

6 

Sod. barb. 

0.1 


Before 

42 

Plasma 

14 

9 

Liver, skin, leg 











muscle 

10 


Sod. barb. 

5.4 

1.0 

Before 

15 

Plasma 

8 

4.5 


12 Si 


Sod. barb. 

0.3 

1.0 

Before 

30 

Plasma 

9 

6 


12 S 2 


Sod. barb. 

0.3 

1.0 

Before 

43 

Plasma 

10 

7 


8 A 

7 

Sod. barb. 

1.2 

0.84 

After 

68 

Saline 

4 

4 

Liver, lung. 











skin, leg 











muscle 

S-1 

8 

Sod. barb. 

Radiosulph- 

0.76 

After 

39 

Blood 

9 

10 





• protein 








S-3 


Sod. barb. 


0.94 

Before 

25 

Plasma 

9.5 

3 





protein 









* This factor is the ratio of the proportion of plasma given to body weight of shocked dog to control dog, when 
W = wt. of dog, I = volume of radioactive plasma injected, c = control, dog and s = shocked dog. 


curves of unit or residual radioactivity, occurs at 
approximately the same rate in the shocked and 
normal dog receiving the same specimens of radio- 
active bromoplasma. The unit radioactivity 
curves provide evidence as to -whether or not a 
selective loss of protein or a shift in total water 
occurs in shock. The residual radioactive protein 
curves provide evidence as to whether or not 
whole plasma is lost in shock. But the validity 
of this latter curve depends on the validity of 
plasma volume determinations. Since there is 
doubt as to the reliability of plasma volume de- 
terminations under all circumstances, the conclu- 
sion from the slopes of the residual radioactive 
protein curves as to plasma loss into tissues is 
hazardous without a simultaneous comparison of 
the tissue content of radioactive protein in the 
normal and shocked dog. Such tissue analyses 
are useful not only for detecting plasma loss, but 
also for locating the area into which loss takes 
place. 

Results of tissue analyses 

Table II includes all measurements of radio- 
bromoprotein in tissues, expressed as the ratio of 


the radioactivity of one gram of a given tissue in 
the shocked dog to that of the control dog. The 
'actual ratio is corrected, as previously pointed 
out, to account for differences between these dogs 
in weight, in unit radioactivity of plasma, and m 
the total volume of circulating radioactive protein. 

A corrected ratio of 100 per cent indicates equal 
escape of radiobromoprotein in the shocked and 
control dog. Assuming the error of the analytical 
technique to be some 5 to 25 per cent,^ a corrected 
ratio of over 125 may be taken to indicate an 
excess of radiobromoprotein in the tissue of the 
shocked dog over that in the same tissue in the 
normal dog. Corrections for blood content of 
tissues were also made, in some experiments, Jn 
kidney, lung, and liver, in which the radioactivity 
due to blood varied from 2^ to ^y% 
to 30 per cent, and 1 to 9 per cent, respectively. 

A corrected ratio in excess of 125 may be taken 
to indicate loss from the circulation of who e 
plasma because the loss of circulating protein 

■* The range of error in the oxidation technique and 
measurement of radioactivity with the electroscope is 
to 25 per cent, as shown in Table 11 and IH of a or 
going publication in this series (S). 




















TADLR II 

Ratio of tissue mdionctivily of shocked doR to control doR 
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without concomitant loss of the equivalent non- 
protein fraction would result in a fall in plasma 
protein concentration, while a loss of the non- 
protein fraction without loss of the equivalent pro- 
tein fraction would cause a rise in the plasma 
protein concentration. Since the plasma protein 
concentration does not vary after the initial 
hemorrhage, except when infusions are given in 
late shock, protein loss is in proportion to whole 
plasma loss. This loss cannot be quantitated ac- 
curately because the unit activity of the lost plasma 
is not precisely known. 

The ratios found in Experiments 13, 11 (S^), 
11 (Sa), 7, and 8B show no material difference 
between shocked and normal dogs in the amount 
of radioactive protein which has entered tissues 
from the circulation. 

Where the ratios in certain exceptional in- 
stances are high, special analysis of their quanti- 
tative significance is necessary in organs whose 
weight is a substantial fraction of the total body 
weight. These include skeletal muscle, skin, 
liver, and gastro-intestinal tract. In skeletal 
muscle, no high ratio was found. In skin, a high 
ratio was found in 2 of 10, in liver in 1 of 5, and 
in gastro-intestinal tissue in 1 of 9 determinations. 

In Experiments 13 and 8B, no loss of sig- 
nificance was observed in any tissue. In Experi- 
ment 11 (Sj), skin of thorax showed a loss. If 
the skin of thorax is assumed to be some 10 per 
cent of the whole skin, the amount lost into it was 
calculated ® as 45 cc. In this experiment, total 
loss is also significant. In Experiment 11 (Sg), 
the same conclusion results, since the only loss 
was 60 cc. into the skin of the thorax. In Ex- 
periment 7, liver showed a loss of 35 cc. It is in 
this experiment that bowel showed a loss but we 
do not regard it as significant because it is the 
only instance in all our experiments, in which loss 
into bowel was observed. 

Although the extent of plasma loss in these 

^ This calculation assumes that the plasma lost into 
the organ has the unit activity of the circulating plasma 
measured at the end of the experiment. The difference 
between the control and shocked dogs in corrected tissue 
activity, multiplied by the organ weight, and divided by 
this unit activity of plasma, provides the figure used. 
This calculation is of course only an approximate figure 
and weights tlie error in the direction of greatest loss. 


experiments cannot be accurately assessed, the 
data on the whole indicate that such loss is small, 
that it involves only one or two tissues, whidi 
vary from one experiment to another, and that it 
is probably not quantitatively significant except 
when infusions are given in the late shock phase. 
Indeed the frequency with which one observes (in 
Table II) a substantially smaller content of radio- 
active plasma in the tissue of the shocked as com- 
pared to the control dog suggests that the reverse 
may be true, i.e. that less plasma moves out of the 
circulation in the shocked dog, presumably be- 
cause of the contracted volume and decreased 
velocity of flow in the general capillary bed (10). 

That plasma loss of perhaps significant pro- 
portions may occur when infusions are given in 
irreversible shock is evident from the data of 
Experiments 9 and 8A. A plasma infusion in 
the irreversible phase was given in Experiment 9 
and a saline infusion in Experiment 8A. The 
skin and liver showed a high ratio in the shocked 
dogs of these experiments. Two of the three 
muscle determinations made showed high ratios. 
The only instance in which a high value for lung 
was observed was in Experiment 8A. The quan- 
titative significance of the total loss in Experi- 
ment 8A (saline infusion) is probably substantial 
(see Legend to Figure 7). It is pertinent to 
refer here to the observation of Werle, Cosby, 
and Wiggers (11) that the exposed mucous 
membrane of the intestine in hemorrhagic shock 
was pale and shrunken, and only became en- 
gorged or hemorrhagic after fluids were given 
intravenously in the late shock phase. 

The continued fall in unit concentration of 
radioactivity without a simultaneous escape o 
whole plasma, observed in all the uninfuse 
control and shocked dogs studied, signifies dilu- 
tion or escape of radioactive protein from the 
circulation. Continuous dilution does not occur 
in the normal dog and while there is evidence o 
fluid mobilization early in shock, this is certainly 
not true later on. Since the unit activity f^ 
at the same rate in the normal and the shocke 
dogs, the equal loss of radioactive protein in hot i 
therefore signifies that the normal mechani.sm 
for the escape of such protein from the circu a 
tion was operating in both. 

Other evidence that whole plasma does no 
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TABLE HI 

Plasma volume in hemorrhagic shock 




Plasma volume in shock 


Erperi- 

ment 

Plasma 
withdrawm 
to produce 
shock 

j First measurement 

Second measurement 

Remarks 

number 

Dura- 
tion of 
shock 

Ex- 

pected 

Found 

Gain 
or loss 

Dura- 
tion of 
shock 

Ex- 

I>ected 

Found 

Gain 
or loss 



fier c^nt 

hours 

Per cent 

Per cent 

per cent 

hours 

per cent 

per cent 



' T — 

— 46 

n 

54 

76 

+22 

4i 

73 

69 

mu 


2 . 

46 

1 

54 

67 

+ 13 






3 

63 

1 

37 

55 

+ 18 






4 

60 

li 

40 

60 

+20 


55 

57 

+2 


5 

71 

3 

29 

54 

+24 




Bleeding continued during 
shock 

6 

35 

2 

65 

46 

-19 





7 

36 

3 

64 

64 

0 






8 

45 

i 

55 

63 

+8 

3 

56 j 

56 

0 


9 

44 

2i 

56 

72 

+16 






10 

28 

3i 

72 

66 

-6 

Ai 

63 

66 

+3 


11 

45 

1 

55 

65 

+ 10 






12 

39 

10 

61 

65 

+4 






13 

34 

6 

66 

64 

-2 






14 

61 

Si 

39 

75 

+36 






IS 

40 

2i 

60 

81 

+21 

4 

61 

65 

+4 


16 

25 

li 

75 

96 

+21 

3 

85 

85 

0 


17 

20 

1 

80 

84 

+4 




1 


18 

42 

3 

58 

78 

+20 

4i 

71 

75 

+4 


19 

58 

4 

42 

51 

+9 





2nd reading 1| hrs. after 

20 

36 

2i 

64 

S3 

-11 

5 

85 

78 

-6 





1 





blood transfusion 

21 

42 

2i 

58 

64 

+6 

7 

106 

90 

-16 

2nd reading 3 hrs. after 









blood transfusion. Re- 
covered. 



22 

IS 

1 

85 

70 

-15 

2 

123 

98 

-25 

2nd reading \ hr. after 








plasma transfusion. 

23 , 

42 

3J 

58 

58 

0 

4 

97 

87 

-10 

2nd reading J hr. after 










plasma transfusion 

24 

68 

2 

32 

59 

+27 

2J 

119 

85 

-34 

2nd reading J hr. after 









5U0 cc. saline infusion 


Average 


+9.3 


All dogs died except as noted. 


escape from the circulation in uninfused dogs in 
hemorrhagic shock is provided by the data in 
Table III,® showing plasma volumes in a group 
of shocked dogs. These volumes were determined 
by the method of Gibson and Evelyn (7).’’ All 
stages of shock were involved and it is evident 

® This table, prepared by Dr. Howard Frank, includes 
data from a variety of experiments on shock, some of 
which have already been reported (Frank, H. A. and 
Pine, J., J. ain. Invest, 1943, 22, 305, and Fine J., 
Fischmann, J., and Frank, H. A., Surgery, 1942, 12, 1. 

’^The error of the method was doubled in certain in- 
stances in which the galvanometer setting was 50 instead 
of 100. Such errors however would not affect the 
interpretation of the figures as presented. 


(1) that there is no correlation behveen the 
volumes gained or lost and the duration or 
severity of shock; (2) only 4 of 24 dogs showed 
a loss, while 20 showed a gain — ^the average gain, 
9.3 per cent. When plasma volume was meas- 
ured again after a subsequent interval of shock 
(12 experiments), there was no significant gain 
or loss in this interval in 7. An average loss 
of 19 per cent in the remaining 5 occurred, but 
all of these were instances in which a preceding 
saline, plasma, or blood infusion had been given 
in the late shock phase, and the expected volume 
included the volume of the infusion. Whether 
the discrepancy between the e.xpected and in- 


















■ 300 


JACOB FINE AND ARNOLD M. SELIGMAN 


without concomitant loss of the equivalent non- 
protein fraction would result in a fall in plasma 
protein concentration, while a loss of the non- 
protein fraction without loss of the equivalent pro- 
tein fraction would cause a rise in the plasma 
protein concentration. Since the plasma protein 
concentration does not vary after the initial 
hemorrhage, except when infusions are given in 
late shock, protein loss is in proportion to whole 
plasma loss. This loss cannot be quantitated ac- 
curately because the unit activity of the lost plasma 
is not precisely known. 

The ratios found in Experiments 13, 11 (S^), 
11 (Sj), 7, and 8B show no material difference 
between shocked and normal dogs in the amount 
of radioactive protein which has entered tissues 
from the circulation. 

Where the ratios in certain exceptional in- 
stances are high, special analysis of their quanti- 
tative significance is necessary in organs whose 
weight is a substantial fraction of the total body 
weight. These include skeletal muscle, skin, 
liver, and gastro-intestinal tract. In skeletal 
muscle, no high ratio was found. In skin, a high 
ratio was found in 2 of 10, in liver in 1 of 5, and 
in gastro-intestinal tissue in 1 of 9 determinations. 

In Experiments 13 and 8B, no loss of sig- 
nificance was observed in any tissue. In Experi- 
ment 11 (Si), skin of thorax showed a loss. If 
the skin of thorax is assumed to be some 10 per 
cent of the whole skin, the amount lost into it was 
calculated ® as 45 cc. In this experiment, total 
loss is also significant. In Experiment 11 (So), 
the same conclusion results, since the only loss 
was 60 cc. into the skin of the thorax. In Ex- 
periment 7, liver showed a loss of 35 cc. It is in 
this experiment that bowel showed a loss but we 
do not regard it as significant because it is the 
only instance in all our experiments, in which loss 
into bowel was observed. 

Although the extent of plasma loss in these 

® This calculation assumes that the plasma lost into 
the organ has the unit activity of the circulating plasma 
measured at the end of the experiment. The difference 
between the control and shocked dogs in corrected tissue 
activity, multiplied by the organ weight, and divided by 
this unit activity of plasma, provides the figure used. 
This calculation is of course only an approximate figure 
and weights the error in the direction of greatest loss. 


experiments cannot be accurately assessed, the 
data on the whole indicate that such loss is small, 
that it involves only one or two tissues, which 
vary from one experiment to another, and that it 
is probably not quantitatively significant except 
when infusions are given in the late shock phase. 
Indeed the frequency with which one observes (in 
Table II) a substantially smaller content of radio- 
active plasma in the tissue of the shocked as com- 
pared to the control dog suggests that the reverse 
may be true, i.e. that less plasma moves out of the 
circulation in the shocked dog, presumably be- 
cause of the contracted volume and decreased 
velocity of flow in the general capillary bed (10). 

That plasma loss of perhaps significant pro- 
portions may occur when infusions are given in 
irreversible shock is evident from the data of 
Experiments 9 and 8A, A plasma infusion in 
the irreversible phase was given in Experiment 9 
and a saline infusion in Experiment 8A. The 
skin and liver showed a high ratio in the shocked 
dogs of these experiments. Two of the three 
muscle determinations made showed high ratios. 
The only instance in which a high value for lung 
was observed was in Experiment 8A. The quan- 
titative significance of the total loss in Experi- 
ment 8A (saline infusion) is probably substantial 
(see Legend to Figure 7). It is pertinent to 
refer here to the observation of Werle, Cosby, 
and Wiggers (11) that the exposed mucous 
membrane of the intestine in hemorrhagic shock 
was pale and shrunken, and only became ^ en- 
gorged or hemorrhagic after fluids were given 
intravenously in the late shock phase. 

The continued fall in unit concentration o 
radioactivity without a simultaneous escape o 
whole plasma, observed in all the uninfuse 
control and shocked dogs studied, signifies dilu- 
tion or escape of radioactive protein from the 
circulation. Continuous dilution does not occur 
in the normal dog and while there is evidence o 
fluid mobilization early in shock, this is certain) 
not true later on. Since the unit activity c 
at the same rate in the normal and the shocke 
dogs, the equal loss of radioactive protein in hot i 
therefore signifies that the normal mechani.sm 
for the escape of such protein from the circu a 
tion was operating in both. 

Other evidence that whole plasma docs no 
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TABLE III 

Plasma volume in hemorrhagic shock 




Plasma volume in shock 


Experi- 

ment 

number 

Plasma 

withdrawn 

First measurement 

Second measurement 

Remarks 

to produce 
shock 

Dura- 
tion of 
shock 

Ex- 

I>ected 

Found 

Gain 
or loss 

Dura- 
tion of 
shock 

Ex- 

pected 

Found 

Gain 
or loss 




hours 

p£T cent 

Per cent 

per cent 

hours 

per cent 

per cent 

per uni 


J— ^ 

46 

i§ 

54 

76 

+22 

4i 

73 

69 

— 4 


2 . 

46 

1 

54 

67 

+13 






3 

4 

5 

63 

60 

71 

1 

li 

3 

37 

40 

29 

55 

60 

54 

-(-18 

+20 

+24 

4i 

55 

57 

+2 

Bleeding continued during 
shock 

6 

35 

2 

65 

46 

-19 






7 

8 

36 

45 

3 

64 

55 

64 

63 

0 

+8 

3 

56 

56 

0 


9 

10 

44 

28 

2I 

3i 

56 

72 

72 

66 

+ 16 
-6 

4i 

63 

66 

+3 


11 

45 

1 

55 

65 

+10 






12 

39 

10 

61 

65 

+4 






13 

34 

6 

66 

64 

— 2 






14 

15 

61 

40 

5} 

2i 

39 

60 

75 

81 

+21 

4 

61 

65 

+4 

0 


16 

25 


75 

96 

+21 

3 

55 

85 


17 

18 

20 

42 

1 

3 

80 

58 

84 

78 

+4 

+20 

4i 

71 

75 

+4 


19 

20 

58 

36 

4 

2i 

42 

64 

51 

S3 

+9 

-11 

5 

85 

78 

-6 

2nd reading li hrs. after 
blood transfusion 

21 

42 

2i 

58 

64 

+6 

7 

106 

90 

-16 

2nd reading 3 hrs. after 
blood transfusion. Re- 











covered. 

22 

15 

1 

85 

70 

-15 

2 

123 

98 

-25 

2nd reading i hr. after 
plasma transfusion. 

23 

/ 42 

3J 

58 

58 

0 

4 

97 

87 

-10 

2n'd reading | hr. after 



plasma transfusion 

24 

68 

2 

32 


+27 

2i 

119 

85 

-34 

2nd reading | _hr. after 
500 cc. saline infusion 


Average 


+9.3 


All dogs died except as noted. 


escape from the circulation in uninfused dogs in 
hemorrhagic shock is provided by the data in 
Table III,® showing plasma volumes in a group 
of shocked dogs. These volumes were determined 
by the method of Gibson and Evelyn (7).'^ All 
stages of shock were involved and it is evident 

® This table, prepared by Dr. Howard Frank, includes 
data from a variety of experiments on shock, some of 
which have already been reported (Frank, H. A. and 
Fine, J., J. Clin. Invest, 1943, 22, 305, and Fine J., 
Fischmann, J., and Frank, H. A., Surgery, 1942, 12, 1. 

^ The error of the method was doubled in certain in- 
stances in which the galvanometer setting was 50 instead 
of 100. Such errors however would not affect the 
interpretation of the figures as presented. 


(I) that there is no correlation bettveen the 
volumes gained or lost and the duration or 
severity of shock ; (2) only 4 of 24 dogs showed 
a loss, while 20 showed a gain— the average gain, 
9.3 per cent. When plasma volume was meas- 
ured again after a subsequent interv'al of shock 
(12 experiments), there was no significant gain 
or loss in this interval in 7. An average loss 
of 19 per cent in the remaining 5 occurred, but 
ail of these were instances in which a preceding 
saline, plasma, or blood infusion had been given 
in the late shock phase, and the e.xpected volume 
included the volume of the infusion. Whether 
the discrepancy between the e.xpected and in- 
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creased volumes in these 5 instances represents 
a true loss into tissues, or inadequate mixing of 
dye with capillary blood, is not clear and remains 
to be determined. 

Our conclusion is that plasma volume does not 
fall beyond that accounted for by the amount 
withdrawn. This conclusion however rests upon 
the validity of the dye method. Since the rate 
of escape of dye from the blood stream during the 
period of measurement is corrected for by extra- 
polation of the disappearance curve, the two 
factors that may upset a true dilution figure are 
incomplete mixing with the peripheral stream or 
a measurement of dilution before complete mix- 
ing occurs. Although peripheral stagnation ex- 
ists in shock, this is not equivalent to complete 
stasis. Complete mixing is therefore merely a 
function of time. The period of time for com- 
plete mixing is not known. In our experiments, 
three readings were made in a period of 20 to 35 
minutes after dye injection. Assuming incom- 
plete mixing, the result would be a false one, 
but in the direction of loss rather than gain be- 
cause of the smaller volume involved if the mix- 
ing is incomplete. False values, which would 
be most likely in late shock, would therefore 
overestimate loss. Since our figures are already 
in favor of no loss, error in the method would 
only lend further strength to our conclusion. 
The results with respect to plasma loss obtained 
by the dye volume method therefore agree with 
those obtained by the radioactive protein tech- 
nique. 

DISCUSSION 

Since the evidence is against a significant loss 
of plasma, from plasma volume studies and from 
the experiments with radioactive protein in which 
no infusions were given, the conclusion follows 
that death in hemorrhagic shock is not due to a 
progressive decline in plasma volume. It ap- 
pears therefore that the changes induced by the 
initial decline in plasma volume are the cause of 
death and that the progressive disorder in hemo- 
dynamic equilibrium does not arise from an in- 
creasing imbalance in the fluid exchange be- 
tween blood and tissues. The continuing local 
loss in burns or in areas of trauma do indeed 
constitute a progressive decline in plasma vol- 


ume, but the difference between these states and 
hemorrhagic shock where hemorrhage has stopped 
may be merely a quantitative rather than a quali- 
tative one. Toxic factors may also act dele- 
teriously in burns or trauma, but as the mech- 
anisms causing death in hemorrhagic shock seem 
not to involve capillary leakage, death from burns 
or trauma need not do so either. For, once the 
latter have produced a sufficient initial decline in 
plasma volume, the fatal mechanism is in opera- 
tion without postulating still further decline as a 
necessary part of the fatal mechanism. This is an 
important consideration because even if one could 
correct a generalized increase in capillary per- 
meability, death from burns or trauma would 
still result from the initial decline alone, if not 
corrected early enough. Therein lies the crux of 
the matter. For while the associated phenomena 
in different types of shock modify the pattern of 
events impressively, beneath them a mechanism 
exists, which in itself has fatal potentialities and 
which can produce all the basic phenomena com- 
mon to all types . of shock — namely, peripheral 
stagnation, lowered systolic and diastolic pres- 
sure, lowered venous oxygen, lowered venous 
pressure, decreased venous return, decreased car- 
diac output, increase in acid metabolites, and 
death. 

SUMMARY AND CONCLUSIONS 

A method is described for preparing radio- 
active bromoprotein which when infused into 
normal dogs behaves not unlike undenatured 
plasma protein {e.g. protein containing radio- 
active sulfur). 

A technique of preparing tissue and plasma 
for radioactivity determinations is also described. 

Radioactive proteins were given intravenously 
to normal dogs and dogs in hemorrhagic shock, 
both with and without anesthesia. Control dogs 
received the same radioactive protein given to the 
shocked dog in any single experiment. Disap- 
pearance curves of this radioactive protein froai 
the circulation were obtained and plotted m 
terms of unit radioactivity and residual circulat- 
ing radioactive protein. From these curves, the 
evidence was derived that the radioactive pro 
teins disappear from the circulation at the same 
rate in normal and shocked dogs and that t c 
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dog in shock from hemorrhage does not lose 
plasma into tissues. Tissue analyses of radio- 
active protein in these dogs gave the same result. 

However, when the shocked dogs received in- 
travenous infusions in the late or irreversible 
phase of shock, the radioacti\'ity content of some 
tissues showed that plasma protein was lost into 
some tissues in possibly significant quantity. 
Similar evidence was obtained from plasma vol- 
ume studies which showed that the deficiency in 
circulating plasma volume, created by the hemor- 
rhage performed to induce shock, did not in- 
crease as shock progressed. If, however, infu- 
sions were given in the late shock phase, the 
expected volume was greater than the volume 
found. The data at hand were insufficient to de- 
termine whether the diminished volumes when 
found were due to actual leakage or inadequate 
mixing. 

While the integrity of the capillaries may be 
impaired in the late shock phase, there is no evi- 
dence of a significant loss of plasma into tissues 
in untreated fatal shock following hemorrhage. 
Hence, an increase in capillary permeability is 
not a factor in the fatal issue. The phenomena 
which are set in motion by the initial critical 
loss in circulating plasma volume and which lead 
to death do not require that a progressive decline 
in plasma volume take place. Plasma loss into 
tissues therefore is not a crudal factor in hemor- 
rhagic shock. 
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The accumulating eUdence from our studies of 
the plasma volume in hemorrhagic shock agrees 
with that of Gregersen (1) and of Evans (2), to 
the effect that there is no further loss of plasma 
from the circulation after the initial loss caused 
by the bleeding. Radioactive plasma proteins in 
the tissues of the dog in hemorrhagic shock are 
not found in greater concentration than in the un- 
shocked dog. The irreversibility of hemorrhagic 
shock therefore cannot be explained by the theorj' 
of increased capillary permeabilit}’. 

Venous anoxemia is one of the outspoken patho- 
logical phenomena in shock. It appears early, 
and the assodated tissue anoxia, if prolonged suf- 
ficiently, might be considered responsible for the 
development of irreversibility because of irre- 
trievable damage to vital structures. In that case, 
the prevention or amelioration of venous anoxemia 
might exert a benefidal therapeutic effect. In- 
deed, several recent reports (3, 4) claim such an 
effect from the administration of pure oxygen. 
The data given are not convindng, because the 
anoxemia was only partially corrected and the 
benefit derived consisted of temporary elevation 
of blood pressure or a prolongation of survival 
time by a few hours. A more definitive judgment 
as to the value of oxygen and the importance of 
venous anoxemia would require the prevention or 
complete correction of venous anoxemia. Only if 
a resulting change from the usual trend of events 
in shock is observed, can a therapeutic benefit 
from oxygen be claimed. 

This communication presents experimental data 
showing that the usual trend of events in hemor- 
rhagic shock is in no way influenced by oxj'gen so 
given as to prevent the occurrence of or restore to 
normal an already lowered venous oxygen. 

METHOD 

Since pure oxygen by tracheal cannula given to a dog 
in shock usually fails to restore the venous oxygen to a 
normal le\-el, oxygen at more than one atmosphere was 


utilized with the expectation of better saturation, pri- 
marily because of increased oxj'gen in physical solution 
in the circulating plasma (5). Because four atmospheres 
of oxygen is lethal for dogs if carried on for the time 
intervals required for shock experiments, we performed 
all our experiments at three atmospheres of oxygen, in a 
pressure chamber made available to us bj' Dr. Drinker 
at the Harvard School of Public Health. Temperature 
and humidity were controlled throughout the e.xperiment 
in the chamber and decompression carried out so as to 
avoid any ill effects from "the bends.” Two control 
experiments were performed to observe possible deleteri- 
ous effects of breathing three atmospheres of oxygen for 
a period of three hours — the maximum interval utilized 
in this study — in dogs prepared according to the tech- 
nique described below, except that no blood was with- 
drawn. The dogs showed no effect on the blood pressure 
or in any other respect and recovery without incident 
ensued. 

Mongrel dogs were anesthetized according to Wiggers’ 
technique (6), i.e., about one-half hour following an 
initial dose of morphine sulphate (3.0 mgm. per kgm.) 
subcutaneouslj', sodium barbital (175 mgm. per kgm.) 
was given intravenously, two thirds of the dose in one 
injection and onlj' as much more of the remaining third 
as was necessary for minimum anesthesia, sufficient to 
permit tracheal cannulation and exposure of vessels. 
No further anesthetic was required, although the lid 
reflex was present and manj- dogs were on the verge of 
recovering consciousness in the later stages. Blood was 
withdrawn fractionally from the femoral artery over a 
period of one-half to 1% hours, until the arterial blood 
pressure fell to 70 mm. Hg and did not rise within fifteen 
minutes after the last withdrawal. No further blood, ex- 
cept for sampling, was removed, regardless of any sub- 
sequent recovery of blood pressure. In all, some 30 to 
40 per cent of the estimated total blood volume was with- 
drawn. Plasma volumes before and after bleeding were 
measured by the method of Gibson and Evelyn (7). 
Hematocrits were determined in Wintrobe tubes contain- 
ing heparin or oxalate. The plasma proteins were de- 
termined by the falling drop method, using heparin as an 
anticoagulant. All specimens for plasma volume, hema- 
tocrit, and plasma protein determinations were taken from 
the femoral artery. The blood pressure was measured 
at intervals in a mercury manometer bj- needle puncture 
of the femoral artery. Tests of reversibility by intra- 
venous fluids, blood, or plasma were occasionally per- 
formed. Venous blood was tal:en from the right heart 
through a glass tube inserted into the left external jugular 
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vein. Samples for blood gas measurement were collected 
under oil, using crystalline oxalate as an anticoagulant, 
and analyzed by the manometric method of Van Slykc 
and Neill (8). Oxygen, in excess of hemoglobin satura- 
tion, dissolved in plasma at elevated pressures, presumably 
escaped before analysis at atmospheric pressure. Plasma 
pH determinations were made by the colorimetric method 
of Hastings and Sendroy (9). Oxygen was inhaled from 
a calibrated spirometer via a tracheal catinula. Expira- 
tion led out to the room air, except when oxygen con- 
sumption was measured, in which case it was returned 
through soda-lime to the spirometer. 

RESULTS 

The data are presented in two groups : (I) ex- 
periments in which the oxygen was given after 
the dog was in shock, and (//) experiments in 
which the oxygen was started before blood was 
withdrawn or before shock from hemorrhage 
occurred. 

Group I. Oxygen at three atmospheres, given 
after shock was established. Five dogs were bled 
to a shock level of blood pressure (70 mm. Hg) 
and were allowed to remain in shock to 2^^ 


hours. Oxygen at three atmospheres was tka 
supplied for P/o hours or longer. In two do»!, 
the venous oxygen concentration was only par- 
tially restored (Figure 1). In the remaining tkee 
animals, the venous oxygen concentration R- 
turned to its original normal level or to a level 
above normal (Figure 2). iMevertheless, all five 
dogs exhibited a progressive d(^cline in blood pres- 
sure terminating in death. Tlhe average survival 


time was about four hours folk 
tion of the bleeding. Only o 
partial recovery of blood presst 
lowed rapidly after decompress! 

In three of the dogs in termi 
decompression, the rapid intrav.| 
a volume of saline, exceeding 
withdrawn, resulted in an increj 
blood oxygen, but collapse ar.| 
shortly thereafter. The rise in 
one instance (Figure 3) greatV -ly exceeded tkf 
effected by oxygen inhalation, K- 3 ,|p a second in- 
stance, the already normal venoi^-s oxygen was 


pwing the ternnna- 
le dog showed a 
ire, but death lol- 

Ion. 

Inal collapse alter 
ienous injection of 
[ (that oi the blood 

■aseinthevenoiis 

lid death followed 
venous oxygen m 



HOURS 

Fig 1. (Exp. 2.) Slight mobilization of plasma after bleeding. No further loss during shock state. 
Ox>’gcn inhalation corrected anoxemia without influencing blood pressure or prolonging life. 


PER CENT OF ORIGINAL LEVELS 


EFFECT OF OXYGEN ON HEMORRHAGIC SHOCK 


BLE^ 100 PER CENT OXYGEN DECOM- 

36/ AT , 3 ATMOSPHERES PRESSION 


500CC. SALINE I.V. 

I 




Fig. 2. (Exp. 11.) No plasma loss from capillary leakage. Anoxemia corrected but no effect on blood 

pressure or survival time. 


BLED RV. 


100 PER CENT SOOcc SALINE LY 

OXYGEN AT 3 | 

ATMOSPHERES S' 


Fig. 3. (Exp. 4.) Inhalation of oxygen partially improved venous anoxemia but saline solution restored it to 
normal. Blood pressure and survival time not affected by oxygen. 
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TABLE 1 

Arterial and venous blood oxygen content before and during shock, and 
before and during the inhalation of oxygen at 3 atmospheres 


Control period 

Shock period 

Survival 
following 
onset shock 

Experiment 

number 

Arterial 

Oj 

i 

Venous i 

0- 

1 

Blood 

volume 

withdrawn 

Breathing 
room air 

Breathing oxygen 
at 3 atmospheres 

Arterial 

o, 1 

Venous ! 
Oj ] 

Arterial 

Oj 

Venous ! 
Oj 1 


volumes per cent 

per cent 

volumes per cent 

volumes per cent 

hours 

4 

19.0 ! 

15.0 

46 

19.1 

5.9 

\ 19.0 

8.1 


2 

18.9 ’ 

17.6 ! 

46 

19.3 

6.6 

1 

13.4 

5 

11 


13.4 

36 


8.7 

i 

15.4 

4^ 

5 

17.8 

14.8 

63 

18.9 

8.3 

20.9 

15.0 

3J 

6 

! 

22.8 

1 

16.7 

60 

23.1 

10.3 


16.8 

4§ 


increased, and in a third, a rapidly falling venous 
oxygen level was increased only slightly. The 
effect of intravenous fluids on the venous oxygen 
was regarded as a result of the temporarily in- 
creased velocity of flow. 

A period of to three hours of inhalation of 
oxygen at three atmospheres therefore did not 
modify the course of events in shock from hemor- 


rhage, whether the venous oxygen was or was 
not restored to normal (Table I). 

Group II. Oxygen at three atmospheres given 
prior to bleeding and continued during shock. In 
an attempt to eliminate any period of anoxemia 
which might cause injury not amenable to sub- 
sequent oxygen therapy, five dogs were bled in 
the same manner as those in Group I, but after 


’C ' 

OXYGEN AT 3 ATMOSPHERES DECOMPRES- 



HOURS 


Fig. 4. (Exp. 15.) Plasma volume not lost into tissues during shock. Anoxemia prevented by oxygen 
inhalation but surv-h-al time and blood pressure not affected. 
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HOURS 

Fig. 5. (Exp. 14.) This dog began to fail while in oxygen and while venous oxygen was above normal. Trans- 
fusion caused recovery. Plasma volume did not escape into tissues while in shock phase. 



HOURS 

Fic. 6. (Exp. 13.) Venous anoxemia not prei-ented by 0 X 3 -gen inhalation. Irre*,-ersible shod: d(n-c!oped 
in oxj-gen. Transfusion in irreversible phase corrected anoxemia, but only temporarily. Fatal decline after 
transfusion not accompanied by fall in plasma volume. 
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TABLE III 

Blood oxygen, carbon dioxide content, and total oxygen consumption before and after bleeding, by 
technique of IViggers and U'erle, to shock in oxygen at 3 atmospheres 


Experi* 

ment 

numtxir 

Control period 

Blood 

\*oItime 

with- 

drawn 

Breathing 0* in 3 atmospheres 

Survival following 
onset shod: 

Arterial 

Venous 

Oj con- 
sumption 

Arterial 

Venous 

Oj con- 
sumption 

Os 

COs* 

Oi 

CO:* 

Oi 

CO.^ 

O: 

COi* 

22 

23 

24 

nltines j 

21.1 

18.8 

19.0 

ctr.t 

64.4 

65.0 

58.1 

volumes J 

18.7 

15.8 
14.1 

^rr ctnt 

67.6 

72.8 

58.3 

cc. {ler 
nir.uU 

57 

75 

80 

per cent 

28 

28 

29 

Tctumes i 

26.5 

20.8 

18.0 

'ier cent 

48.0 

33.6 

42.2 

volumes j 

14.6 

8.6 

9.1 

cent 

64.3 

48.0 

57.1 

ce. per 
minaie 

58 

91 

78 

hours 

\ 21 

2J (Transfusion) 
21 


* Plasma analyses. 


an increase in ox 3 fgen consumption during hemor- 
rhagic shock until just before death. The in- 
crease was presumably due to the marked 
hyperpnea uniformly obserced in such animals. 

That the lowered venous oxygen, to some extent 
at least, is apparently merely an index of a de- 
crease in the velocity of peripheral blood flow, is 
evident from the fact that temporarily increased 
velocity of flow in the late shock phase, following 
intravenous saline solution, causes a rise in venous 
oxj’gen. If this inference is correct, the carbon 
dioxide content of the venous blood should also 
vary as the velocity of flow. This is, in fact, the 
case. Studies of the carbon dioxide concentra- 
tion on arterial and venous bloods in hemorrhagic 
shock show, as expected, a lowered arterial car- 
bon dioxide concentration due to increased pul- 
monary ventilation. The venous carbon dioxide 
remains normal or falls, but in the latter case, not 
in proportion to the original difference between 
arterial and venous carbon dioxide. Further- 
more, in three experiments following the infusion 
of saline solution or blood, the venous carbon 
dioxide content fell still further (Figures 2, 5, 6) 
although in one experiment, an observation just 
before death, no substantial change occurred. 

The decreasing pH (Figures 7, 8, 9) and the 
increasing divergence in the A-V difference in 
pH as shock proceeds are evidence of an increase 
in the concentration of non-volatile metabolites. 
This may in part be due to the mechanisms gov- 
erning the velocity of peripheral blood flow. 

CONCLUSION 

The course of events in hemorrhagic shock is 
in no way altered when venous anoxemia is pre- 


vented by administering oxj^gen at high pressure. 
Tissue anoxia in these circumstances may still 
exist, presumably because peripheral stagnation 
results in what amounts to the existence of an 
arteriovenous shunt. Oxj'gen as a therapeutic 
agent in hemorrhagic shock is therefore of doubt- 
ful ralue. 

Further eridence is given that the velocit)' of 
peripheral blood flow in hemorrhagic shock is 
reduced. 
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An investigation of the growth requirements of 
Cl. tetani was undertaken in 1939, with the hope 
that through a knowledge of them, it might be 
possible to produce a uniformly potent toxin on a 
medium free from peptone, or any other material 
possessing antigenic effect of its own. Several 
reports in the literature had described acute ana- 
phylactic-like symptoms following a second or 
third injection of tetanus toxoid for human pro- 
phylaxis, and in a few instances (1 to 3), analysis 
of the case showed that Witte’s peptone, used in 
the original mediiun, was responsible. 

Considerable progress has been made in the 
studies on nutritional factors (4). Parallel with 
these, work was commenced on toxin production, 
and it soon became e\adent that with this organ- 
ism, as wdth C. diphtheriae (5), peptone was not 
essential and could be replaced by complete acid 
hydrol 3 'sates of protein, and presumably by suit- 
able pure amino acids. Unexpectedly, it de- 
veloped that the concentration of iron in the 
medium seemed to play the same crucial part as in 
diphtheria toxin production (6, 7). With suit- 
able control of this factor, and in media containing 
the appropriate materials, all of relatively small 
molecular size and therefore not of themselves 
antigenic, toxin was obtained with regularity. 

Preliminary reports of this work have already 
been made (8, 9). It is the purpose of the pres- 
ent communication to present, in somewhat 
greater detail, certain of the experimental aspects 
of these studies which will serve as a basis for 
attempts to place tetanus toxin production with 
simplified media on a practical basis. 

PRELIMINARY ASPECTS 

The strain of Cl. tetani used in the New York State 
DK-ision of Laboratories was selected by random choice. 

^ Aided by a grant from the Commonwealth Fund. 


It is stated to produce toxin of 10,000 to 20,000 guinea 
pig MLD per cc. We have carried it in stock by the 
rather unorthodox method of serial daily transplant on 
ordinary meat infusion peptone broth containing 1.0 per 
cent glucose, grown in anaerobic jars (10) at 36° C. 
Probably as- a result of this procedure, the ability to form 
spores seems to have been suppressed and they are not 
found, even in very old cultures. Toxin production 
seems to have been unaffected. There is a tradition 
among producers of tetanus toxin that an inoculum of 
spores, or at any rate of an old culture yields toxin of 
higher titer than does a young, actively growing culture. 
In our experiments, no such difference has been observed 
in occasional comparisons of our serial transfer strain 
with older ones. 

Experimental media have been handled in two ways — 
either in 10 cc. amounts in 6 X % inch test tubes, or in 
125 cc. Erlenmeyer flasks. In the former case, the cotton 
plugged tubes have been autoclaved at 10 pounds pressure 
for from 7 to 10 minutes, promptly cooled, and inoculated. 
The centrifuged sediment from a 24-hour infusion broth 
culture is suspended in 1 or 2 cc. of sterile hydrolysate 
medium, and an inoculum of 0.05 to 0.1 cc. of the suspen- 
sion is delivered to the bottom of each tube with a 
capillary. Incubation at 36" C. is carried out in an 
anaerobic jar. The flashed media have been autoclaved at 
10 pounds for 15 minutes, the containers being about 73 
full and covered with 30 cc. glass beakers. Immediately 
upon remoral from the autoclave, the flasks to be in- 
oculated are filled to the neck from an extra suppb’, 
cooled in water, inoculated with a few drops of a suspen- 
sion and incubated either anaerobically or in the air, at 
36° C. Maximum toxin production is reached after 8 
days, but in many experiments, toxin titrations have been 
done on the fourth or fifth day. 

The estimation of toxin has been carried out in mice, 
using an inbred strain of white Swiss. The toxins to be 
examined are well mixed with one tenth volume of 5.0 per 
cent phenol, centrifuged for half an hour, and the super- 
natants are suitably diluted with 1.0 per cent Witte pep- 
tone in saline. The mice are injected subcutaneously 
along the back, the needle being inserted near the root 
of the tail, with 0.5 cc. quantities of the desired dilutions. 
By using 2 or 3 mice for each sample of toxin, a reason- 
able estimate of comparative potency may be obtained. 

A number of attempts to estimate the toxin by floccula- 
tion have shown no convincing parallelism between the 
titers obtained and toxicity for animals. 
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COMPONENTS OF MEDIUM 

The growth requirements of CL tetani have 
proved to be highly complex. The greater part 
of the early experiments on toxin formation were 
therefore carried out with relatively uncharac- 
terized mixtures of nutrients. To a certain ex- 
tent this has continued to be true because of prac- 
tical difficulties. An acid hydrolysate of casein 
has been employed to supply amino acids, since 
it appeared to be the most convenient and least 
expensive source. Various fractions of liver ex- 
tract were incorporated to furnish the necessary 
growth accessories. Eventually, most of the latter 
could be provided in pure form, but the require- 
ments for the substance which has been named 
“folic acid,” the constitution of which is still un- 
known, continues to necessitate the use of a con- 
centrate. 

There would be no object in recording the 
numerous experiments carried on over a period of 
2 years in the attempt to arrive at uniformly maxi- 
mum titers. The many chemical factors involved 
in growth require laborious repetitions of tests in 
which each individual factor, so far as possible, is 
varied against a constant of all the others. Only 
in this way can it be determined which concentra- 
tions are critical and must be carefully adjusted. 
Moreover, the concentration of Fe must be con- 
trolled as carefully as in the preparation of diph- 
theria toxin, and since the permissible level is so 
low as to be beyond simple and reliable chemical 
measurement, several tubes of each modification 
of medium within an experiment, each at a differ- 
ent iron concentration, must usually be made and 
tested. 

It has been possible to obtain toxin of the same, 
or even a higher, degree of potency as that said to 
be produced by this strain in the New York State 
Laboratories ( 10,000 to 20,000 MLD’s for guinea 
pigs). Efforts to obtain strikingly higher yields 
have thus far failed, and it is possible that the 
limit for the particular strain has been reached. 
An investigation of other cultures will be under- 
taken in due course. The following experiment 
describes the production of one of the better lots 
of toxin. 


Experiment March 13, 1941 — ^p. 74. 

Casein hydrolysate (15.4 mgm. N per cc.)^ . 240. cc. 


Accessories and metals^ 2.4 cc. 

Cystine, 20 per cent in HCl. 2.4 cc. 

Tryptophane, 1 per cent ' 12. cc. 

Glucose 12. grams 

Calcium pantothenate 0.3 mgm. 

Liver eluate^ 9. cc. 

Water to make 1200. cc. 


After the various ingredients had been mixed 
and diluted to 1200 cc., the excess iron was re- 
moved by adding 6.0 cc. of 10 per cent CaCl 2.2 
HoO, adjusting the reaction to pH 7.6, bringing 
to a boil, and filtering. The filtrate was cooled, 
and further iron removed by adding about 1.5 
cc. calcium chloride and repeating the process. 

The resulting medium was autoclaved in six 
250 cc. Erlenmeyer flasks for 15 minutes, at 10 
pounds pressure. Four of the flasks were then 
filled completely full from the other 2, and cooled 
promptly. They were inoculated as described 
earlier, and incubated in anaerobic jars at 36° C. 
for 5 days. 

The resulting toxoid was centrifuged and fil- 
tered partly through a Berkefeld “N,” the rest 
through a “V.” The “V” filtrate was titrated in 
both mice and guinea pigs. The results follow: 

Mice (Received 0.5 cc. of the stated dilution sub- 
cutaneously). 


1 : 40,000 Dead 48 hours 

1 : 80,000 Dead 64 hours 

1 : 160,000 Slight symptoms 96 hours 

1 : 320,000 Slight symptoms 96 hours 


MLD > 1 60,000 

2 A low chloride hydrochloric acid hydrolysate, prepared 
as described by Mueller and Johnson (11), from whic 
excess Cl was removed by PbO. It contains sufficien 
Na-HPO^ and KH=P 04 to give a final concentration m 
the medium of about 0.1 per cent and 0.033 per cen 
respectively. 

2 Prepared as for diphtheria toxin (12) and contain 
MgS 04 , traces of Cu, Mn, and Zn, together with nico 
tinic acid, beta alanine, and pimelic acid. 

^ Prepared from the 90 per cent alcohol soluble ra^^ 
tion of liver extract, supplied us through the courtesy o 
Dr. Defries of the Connought Laboratories, 
of Toronto. This was further purified by absorbing 
with norite charcoal, washing the latter first with j' 
then with hot 50 per cent alcohol, and then eluting "■> 
dilute pyridine-alcohol solution. After removal^ o 
organic solvents in vacuo, the aqueous solution 
preserved in the ice-box with toluol. One cc. was roug 
equivalent to 62 grams of fresh liver. 
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Guinea Pigs (Received 1.0 cc. subcutaneously). 


1 : 20,000 Dead 60 hours 

1 : 30,000 Dead 62 hours 

1 .•■40,000 Dead 93 hours 

1 : 50,000 Dead 93 hours 

1 : 60,000 Dead 98 hours 


MLD 50,000 

The following experiment illustrates the marked 
inhibition of toxin formation by traces of iron 
salts. 

Experiment May 2, 1941 — p. 105. 

Casein hydrolysate (17.0 rngm. N per cc.) . . 18 cc. 

Accessories and metals 0,2 cc. 

Cystine, 20 per cent : . . . 0,2 cc. 

Tryptophane, 1 per cent 1.0 cc. 

Glucose 1.0 gram 

Calcium pantothenate 0.025 mgm. 

Liver eluate 0.75 cc. 

W5ter to make 100. cc. , 

The iron was removed t^vice by precipitating 
together with calcium phosphate. Five tubes, of 
15 cc. each, were prepared and the following 
quantities of FeSO^.? HjO were added: 0, 4, 8, 
16, and 32 micrograms. The tubes were auto- 
claved, cooled, inoculated, and incubated anaero- 
bically for 5 days. One and a half cc. of 5 per 
cent phenol was then mixed with the contents of 
each tube. After centrifuging for half an hour, 
the supernatants were diluted with 1 per cent 
Witte peptone in saline, and 0.5 cc. subcutaneous 
injections given a series of mice. 


FeS04.7HK)/15 cc. medium 


dilution 

0 

4 

gamma 

8 

gamma 

16 

gamma 

32 

gamma 

1 : 20,000 

Dead 70 hours 

D 90 hrs. 

SS 

S 

0 

1 : 40,000 

Dead 70 hours 

SSSS 

SS 

0 

0 

1 : 80.000 

Dead 90 hours 

SS 

5 

0 

0 

1 : 160,000 

ssss 

s 

0 

0 

0 


Increased degrees of paralysis at 96 hours are indicated 
as S, SS, etc. 


effect OF OTHER INDIVIDUAI, COMPONENTS 

Variation, within reasonable limits, of the con- 
centrations of the other ingredients of the medium 
app^rs to be without marked effect on toxin 
formation. Increase in the amount of liver ex- 
tract concentrate, * seems, on the whole, to be 


unfavorable to toxin, whereas its reduction re- 
sults in failure to obtain growth. The casein 
hydrolysate can be somewhat diminished without 
loss of toxin, while its increase retards toxin and 
growth, probably through osmotic effects and 
perhaps through excessive concentrations of cer- 
tain amino acids. 

Omission of traces of Cu, Mn, and Zn tends to 
lower the amount of- toxin somewhat, but it has 
been difficult to obtain clear cut results. Nico- 
tinic acid, beta-alanine, and pimelic acid are with- 
out effect, so far as it is possible to observe, and, 
if required, are evidently supplied by the liver 
cbncentrate in adequate quantity. 

Cystine and glucose probably contribute to the 
production of anaerobic conditions in the freshly 
heated medium. Either one may be omitted with 
no impairment of grorvth or toxin. In the ab- 
sence of both, growth fails. 

Tryptophane also is required for multiplication 
of the organisms, as are the inorganic salts of K, 
Mg, and PO^. The concentrations are not par- 
ticularly critical. 

It is clear that while using such complex rnix- 
tures as casein hydrolysate and the liver extract 
concentrate, the appraisal of optimal concentra- 
tions of many individual factors is impossible. 
When it becomes possible to substitute pure 
amino acids and gro\vth accessories for these ma- 
terials, progress in this direction may be expected, 
and, conceivably, higher yields of toxin may be 
obtained. 

SUMMARY 

The production of tetanus toxin on a medium 
free from peptone has been accomplished with one 
strain of C/. tetani. As good, or somewhat better, 
toxin titers have been obtained as this strain 
(New York State Department of Laboratories) 
repeatedly yields on peptone-infusion media. The 
composition of the medium is very similar to that 
developed in this laboratorj’ for diphtheria toxin, 
but is relatively more complex because of the 
greater number of growth factors demanded by 
the tetanus bacillus. As with diphtheria toxin, 
a very low and accurately controlled concentra- 
tion of Fe is essential for optimal pelds. At- 
tempts to effect further simplifications and im- 
provements in the medium are being continued. 
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The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University. 
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In the case of diphtheria toxin obtained by the 
growth of a suitable strain on a medium free from 
peptone, some slight difficulty has been experi- 
enced in bringing about complete detoxification 
with formalin (1). This is probablj' due to the 
relatively high content of both toxin and amino 
acid nitrogen present, and has necessitated the use 
of formalin up to 0.5 per cent concentration and 
several weeks’ incubation. Under these condi- 
tions, successful conversion to toxoid occurs, and 
the remaining toxoid is an adequate antigen (2). 

A number of small scale experiments have been 
carried out in order to learn how tetanus toxins, 
produced on similar media, will conduct them- 
selves. These have been uniformly encouraging, 
and indicate that toxin of this sort should find 
application in human immunization. Unlike diph- 
theria toxin, a relatively low concentration of 
formalin is adequate, and an incubation period of 
about three weeks suffices. 

The following experiment is presented : 400 cc. 
of the toxin produced in the experiment quoted 
elsewhere (3) and which had been filtered through 
a small Berkefeld “V” candle served for the ex- 
periment. Filtration was carried out March 18, 
1941. The filtrate contained approximately 160,- 
000 MLD per cc. for mice, and 50,000 for gxiinea 
pigs. Formalin in a quantity of 0.6 cc. (= 0.15 
per cent) was added and the material incubated 
at 37° C. The treatment is tabulated below: 

March 18 0.15 per cent formalin. Incubated 37° C. 
March 28 Cold room 

5.0 cc. in guinea pig — death in 5 days 
April 2 37° C. 

April 4 Cold room 

5.0 cc. in guinea pig — death in 5 days 
April 9 37° C. 

April 14 Cold room 

1.0 cc. in each of several guinea pigs — death 
in 10 to 14 days 

April 25 37° C. 

^ Aided by a grant from the Commonwealth Fund. 


April 26 0.05 per cent more formalin added 
April 29 Cold room 

5.0 cc. in each of 2 guinea pigs — both sur- 
vived with no symptoms 

May S 1.0 cc. in each of 12 pigs 
June 16 12 pigs all well. Each given 10 MLD of 
toxin (one of otm own toxins identified as 
P-74 V). One improtected control pig given 

1.0 MLD of the same toxin died June 20 
(101 hours). 

June 26 Guinea pigs have shown no s 3 unptoms 61^" 
tetanus during the 10-day interval. They were 
each bled a few cc. from the heart, the sera 
separated and pooled. Fifty per cent glycerol 
was added to the pooled sera and specimens 
sent to two manufacturers for an estimation 
of antitoxin content 

The report ® from one was "considerably 
more t h an Ho unit but not quite % unit per 
cc.” The second reported “0.5 unit antitoxin 
per cc.” Since the sample had been diluted 
with an equal volume of glycerol, the original 
pool must have contained approximately 1.0 
tmit antitoxin per cc. 

A specimen of the toxoid was sent to the Na- 
tional Institute of Health, Bethesda, Maryland, for 
further appraisal of its antigenicity. They re- 
ported that "protection was afforded against 10 
and 20 MLD’s of toxin, 6 weeks after immuniza- 
tion with 1 cc.” 

It is clear that in this experiment the progress 
of detoxification was followed closely and the 
treatment accorded the toxin was directed by the 
toxicity to guinea pigs. As a result of several 
such experiments, it has become apparent that 
detoxification can be accomplished with consider- 
able r^ularity in 3 weeks of incubation with 0.2 
per cent formalin. The latter may be added all at 
one time, or in divided amounts, as in the experi- 
ment dted. 

-We are indebted to Dr. A. L. Jojmer and Miss 
Frances Qapp of the Lederle Laboratories, Inc., and to 
Dr. Bettylee Hampil of Sharp and Dohme, Inc, for these 
determinations. 
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SUMMARY 

Tetanus toxin, prepared on a peptone-free hy- 
drolysate medium, can be detoxified with 0.2 per 
cent formalin in about 3 weeks’ time. The re- 
sulting toxoid is sufficiently antigenic to meet the 
requirements of the National Institute of Health 
for a fluid tetanus toxoid designed for human use. 
The use of toxoid of this type for immunization 
should prevent any possibility of anaphylactic re- 
actions due to antigenic components of certain 
peptones, heretofore widely used in tetanus toxin 
production. 


The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University. 
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The resistance of the animal body to the injury 
caused by those bacterial agents which produce 
powerful exotoxins is commonly held to be the 
best understood of the various immune reactions. 
The toxins themselves, entirely free from the pres- 
ence of the bacteria which produce them, are cap- 
able of eliciting all of the symptoms of the natural 
disease, and, as in the disease itself, death or re- 
covery may ensue according to the quantity of 
toxin administered. Further, these toxins, being 
antigens by definition, will, under suitable condi- 
tions, stimulate the production in the body of anti- 
toxins capable of neutralizing specifically the 
ability of the same to.xins to cause injury, — a 
neutralization which takes place in the test tube 
with almost mathematical precision and with the 
stoichiometric relationships of other chemical re- 
actions. The toxins can be altered chemically, as 
for example by formalin, to a degree resulting in 
loss of ability to injime the body, while they still 
retain the original property of stimulating anti- 
body production against the unaltered toxin. 
This last property provides the Public Health 
official and the physician with some of the most 
useful of tools for the prevention of disease, the 
practical value of which is now attested beyond a 
reasonable doubt. 

It is a remarkable fact, however, that within this 
skeleton of definite information, there exists a 
mass of tradition in regard to certain details, ac- 
cumulated over a period of many years, but 
founded either in uncontrolled experiment or in 
faulty observation. Many of these beliefs are 
held with a tenacity reminiscent of superstition, 
and are frequently responsible for actively retard- 
ing sound experimental advance. 

Chief among these are the various dicta sur- 
rounding the laboratory preparation of toxins. 
For many years a perpetual source of difficulty to 
producers, certain statements in connection wth 


this process have been made so often, and with 
such great authority by so many workers that the 
absence of experimental support is no longer a 
source of concern. It would be simple to enumer- 
ate several of these rather fanciful beh'efs, such as 
the one that potent toxin canno’t be produced in 
summer, — ^probably explainable by the fact that 
hot weather is not conducive to human endeavor. 
The only one with which we propose to deal in 
this communication, however, is the old tradition 
that toxin cannot be produced without peptone, 
and the more recently draum corollary, even if it 
can be produced without peptone, it is no good. 

The former statement had become so ingrained 
in the minds of all bacteriologists, up to a few 
years ago, that the mere suggestion that diphtheria 
toxin, for example, might be obtained on a chemi- 
cally defined medium v^as considered ridiculous. 
Peptone had always been found necessary ; there- 
fore, it was essential. Directing attention to the 
fact that growth of the organism had never been 
obtained without peptone resulted only in further 
statements that growth and toxin did not parallel 
each other (which is true) and that even if it were 
possible to grow the diphtheria bacillus on a pep- 
tone-free mediiun, no toxin would be obtained. 
Through the fortunate combination of Pappen- 
heimer’s (1) work on toxin, and experiments re- 
ported from this laboratory on growth (2), it was 
eventually possible to correct these erroneous im- 
pressions, and to demonstrate clearly that diph- 
theria toxin was a metabolic product of the growth 
of the bacteria under certain chemically controlled 
conditions (3). 

Almost inevitabl}', then, the ability- of the toxin, 
produced in this unorthodox manner, to behave 
like ordinary toxin was questioned. In particu- 
lar, the competence of toxoid prepared from it to 
behave as an effective antigen was considered ex- 
tremely doubtful. Even the fact that in toxicify 
and in antitoxin combining power it was consid- 
erably superior to the average material previously 


^ Aided by a grant from the Commonwealth Fund. 
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available, was held to be a disadvantage. Every 
manufacurer had seen toxin of an extremely low 
grade of potency produce antitoxin of astronomical 
proportions in horses, — or at least in one horse, 
whereas stronger toxins had often given poor re- 
sults. ‘Therefore, it was argued, since hydrolysate 
diphtheria toxin was relatively powerful, it would 
be a poor antigen. The general line of reasoning 
apparently questioned the fact that the toxin (or 
toxoid) was itself the antigen and suggested that 
the property of antigenicity resided primarily in 
some substance other than the specific poison. 

Since there was no great urgency connected 
with the establishment of the inaccuracy of such 
a belief, as far as diphtheria toxoid was concerned, 
there seemed to be no point in carrying out 
elaborate experiments to establish the facts. The 
so-called “hydrolysate” toxoid has gradually come 
into production and use in certain localities, and 
there has been no evidence, so far as the writers 
are aware, of any lack of efficacy. 

More important at the present time is the fact 
that the identical situation has now been trans- 
ferred to the problem of tetanus toxoid. Em- 
ployed on a tremendous scale for military im- 
munization, its initial preparation on the tradi- 
tional media containing Witte’s peptone has had 
to be modified because of the presence, in that 
brand of peptone, at any rate, of a substance in- 
ducing severe anaphylaxis in certain individuals 
(4 to 6). Other varieties of peptone are still 
considered admissable, largely because no serious 
accidents have thus far been reported following 
their use. By their very nature as large frag- 
ments of protein, containing various enzyme resi- 
dues and complex tissue components, their wide- 
spread use in man might well be avoided, provided 
the desired end may be reached without them. 

These considerations have persuaded the writ- 
ers to attempt the production on peptone-free 
media of tetanus toxin for conversion to toxoid 
for human use. A measure of success has at- 
tended these efforts (7 to 9), and it appears at 
this time to be worth while reporting a series of 
controlled experiments, designed to compare the 
antigenicity of hydrolysate toxoid with that of 
peptone toxoid. It seems to be a matter of some 
urgency that the facts in connection with this mat- 
ter should be determined with accuracy and the 


subject definitely removed from the realm of mere 
speculation. 

It is unfortunate that there is not at this time a 
tetanus toxoid which has been established as a 
standard in the United States. Since, however, 
all tetanus toxoid on the market or supplied to the 
military forces has been check tested at the Divi- 
sion of Biologies Control of the National Institute 
of Health and has been found to pass their mini- 
mum requirements, it would appear that speci- 
mens which have been distributed by a number 
of commercial producers to the trade or to the 
Army should constitute a reasonable standard 
with which a series of hydrolysate toxoids might 
be compared. 

Proceeding on this assumption, we have ob- 
tained a number of lots of tetanus toxoid, repre- 
senting products of several manufacturers, through 
the courtesy of the Office of the Surgeon General 
of the Army. The antigenicity of these toxoids 


TABLE I 


Guinea 

pig 

Toxoid used 

Serum titer 

Results of toxin injection 



Units anti- 
toxin per ee. 


950 

Commercial A 

>1.0 

<2.5 

No symptoms 

951 

Commercial A 

>2.5 

<5.0 

No symptoms 

952 

Commercial A 

>0.25 

<0.5 

No symptoms 

953 

Commercial A 

>0.25 

<0.5 

No symptoms 
(Killed in bleeding) 

954 

Commercial A 

>2.5 

<5.0 

955 

Commercial A 

>0.1 

<0.25 

i Moderate syniptoiiis» sur 
vived 

914 

Commercial B 

>0.25 

<0.5 

Moderate symptoms, sur- 

915 

Commercial B 

>0.5 

<1.0 

No symptoms 

Marked symptoms, survive 

916 

Commercial B 

>0.1 

<0.25 

917 

Commercial B 

>0.01 

<0.1 

No symptoms 

Moderate symptoms, sur 
vived 

No symptoms 

918 

Commercial B 

0.01 

919 

Commercial B 

2.5 

908 

Commercial C 

1.0 

No symptoms 

Moderate symptoms, sur 
vived . 

Moderate symptoms, sur 
vived 

No symptoms 

Slight symptoms, survivea 

909 

Commercial C 

>0.1 

<0.25 

910 

Commercial C 

>1.0 

<2.5 

911 

Commercial C 

>1.0 

<2.5 

912 

Commercial C 

>0.1 

<0.25 

913 

Commercial C 

>0.25 

<0,5 

No symptoms 

920 

Commercial D 

0.25 

Slight symptoms, survived 

921 

Commercial D 

>0.1 

<0.25 

No symptoms 

922 

Commercial D 

2.5 

No symptoms 

923 

Commercial D 

>2.5 

<5.0 

No symptoms 

924 

Commercial D 

0.01 

No symptoms 

925 

Commercial D 

>1.0 

<2.5 

No symptoms 

926 

Commercial E 

>2.5 

<5.0 

No symptoms 

927 

Commercial E 

>0.25 

<0.5 

No symptoms 

928 

Commercial E 

>0.25 

<0.5 


929 

Commercial E 

>0.01 

<0.1 

930 

Commercial E 

>0.25 

<0.5 

No symptoms 

931 

Commercial E 

>0.1 

<0.25 

No symptoms 

944 

Commercial F 

>0.001 

<0.01 

Severe 

Died, tetanus, sewnd day 
Died, tetanus fourUi d^.^ 

945 

Commercial F 

>0.001 

<0.01 

946 

Commercial F 

>0.001 

<0.01 

947 

Commercial F 

0.01 

Severe syo'Pt®'".’’ ?)^[ved 
Slight symptoms, surv 

948 

Commercial F 

>0.25 

<0.5 

949 

Commercial F 

>0.25 

<0.5 

No symptoms 
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TABLE n 


Guinea 

pis 

ToxoM used 

Serum titer 

Results of toxin 
ioiectlon 

E71 

Hydrolysate Z 

units anti- 
toxin per cc, 

\ >0.1 <0,25 

Moderate symptoms, 
survived 

Moderate symptoms. 

872 

Hydrolysate Z 

>0.001 <0.01 

873 

Hydrolj-sate Z 

0.001 

survived 

Died, tetanus, second 
day 

No symptoms 

874 

Hydrolysate Z 

>0.01 <0,1 

875 

Hydrolysate Z 

>0.25 <0 J 

No symptoms 

876 

Hydrolysate Z 

0.01 

Slight symptoms, sur* 

877 

Hydrolysate AO 

>0,25 <0.5 

vived 

No symptoms 

878 

Hydrolysate AO 

OS 

No symptoms 

879 

Hydrolysate AO 

>02S <0S 

No symptoms 

880 

Hydro!>-sate AO 

>0.1 <0.25 

No symptoms 

ESI 

Hj-drolysate AO 

0.005 

Died, tetanus, seventh 
day 

No symptoms 

882 

Hydrolysate AO 

>0,1 <0.25 

855 

HydroUfate AQ 

0,5 

Slight symptoms, sur- 
vived 

Slight symptoms, sur- 

856 

Hydrolysate AQ 

os 

857 

Hydrolysate AQ 

>0S5 <0S 

vived 

Slight symptoms, sur- 

858 

Hydrolysate AQ 

>0,001 <0.005 

vived 

Moderate symptoms, 

859 

Hydrolysate AQ 

0,5 

survived 

No symptoms 

860 

Hydrolysate AQ 

0.001 

Died, tetanus, tecond 

800 

Hydrolysate AT 

>0.01 <0.1 

day 

Slight symptoms, sur- 

801 

Hydrolysate AT 

>0.25 <QS 

vived 

No s^miptoms 

802 

Hydrolysate AT 

0.01 

No symptoms 

803 

Hydrolysate AT 

>0.25 <0J 

(Killed in bleeding) 

804 

Hydrolysate AT 

0.005 

No symptoms 

805 

Hydrolysate AT 

0.25 

No symptoms 

788 

Hydrolysate AV 

OSS 

Slight symptoms, sur- 
vived • 

Died, tetanus, third day 

789 

Hydrolysate AV 

0.001 

790 

Hydrolysate AV 

>0.1 <0.25 

Questionable symptoms, 
survived 

Died, tetanus, second 
day 

No symptoms 

791 

Hydrolysate AV 

>0.001 <0,01 

792 

Hydrolysate AV 

0.1 

793 

Hydrolysate AV 

OSS 

No sjTaptoms 

848 

Hydrolysate BD 

0.0025 

Severe symptoms, re- 

850 

Hydrolysate BD 

>0.25 <0.5 

covered 

No symptoms 

851 

Hydrolysate BD 

0.1 

Moderate symptoms, re- 
covered 

No symptoms 

852 

Hydrolysate BD 

>5.0 <7S 

853 

Hydrolysate BD 

>0.1 <0.25 

Moderate symptoms. 

854 

Hydrolysate BD 

>0.25 <0.5 

survived 

No symptoms 


TABLE in 

Antitoxin titers of pools of sera from each lot 

^tnmeraal A 0^ units per cc. Hydrolysate Z 0,t units per cc. 

^mmerc^B 0.4 units per cc. Hydrolysate AO 0.3 units per cc. 

^mmercUl C 0.S units per cc. Hydrolysate AQ 0 J units per cc. 

Commercial D 0.6 units per cc. Hydrolysate AT 0.2 units per cc. 

CommercialE 0.5 units per cc. Hydrolysate AV 0.2 units per cc. 

Commerdal P 0.1 to 0.2 units per cc. Hydrolysate BD 0.6 units per cc. 

for guinea pigs and for man has been examined 
in parallel TOth a number of hydrolysate toxoids 
produced in this laboratory. The data in regard 
to guinea pig assay is presented herewith, while 
the results of human immunizations ■null be sum- 
marized in a separate communication. 


METHOD 

For a variety of reasons, the standard test method of 
the National Institute has not been followed. There is. 


at present, no really suitable and generally accepted 
method of appraising antigenidt)'. We have chosen to 
adopt a procedure which should give the maximum in- 
formation possible from the number of animals used. 

A subcutaneous injection of 1.0 cc. of toxoid was given 
each of a series of guinea pigs, of approximatdy 230 
grams per pig. Six or more animals were injected 
from each batch of toxoid to be examined. Induded were 
toxoids from 6 different manufacturers, and 6 diEFerent 
lots of hydrolysate product At the end of 6 weeks, the 
animals were bled from the heart, the individual sera 
separated and titrated for the antitoxin levd. An occa- 
sional pig died as a result of the bleeding, but all others 
were injected, usually 48 hours later, with a massive 
(1000 MLD) dose of standard tetanus toxin (National 
Institute Lot H3), and the subsequent presence or ab- 
sence of symptoms or time of death noted. The results 
are tabulated in Tables I, II, and III. 

DISCUSSION 

An inspection of the above data shows, in the 
first place, the tremendous individual variations 
among guinea pigs in ability to respond to iden- 
tical stimufi. Tetanus toxoid is reputedly a 
relatively poor antigen when given initially, pre- 
sumably because it represents a completely new 
experience for the tissue cells. Evidently, in cer- 
tain animals, there is almost no antitoxin produced, 
while in others, the response is considerable. As- 
suming this to be an inherent vital property, it 
becomes problematical to what extent the differ- 
ences indicated in the tables, between the com- 
mercial toxoids A and F, for example, demon- 
strate an actual dissimilarity in antigenicity of 
such magnitude. 

If it were possible to obtain a genetically pure 
strain of guinea pigs ■with considerably greater 
uniformity of response, more significant compara- 
tive estimates would be possible. The only such 
strain now available, the so-called “Connaught,” 
was employed in the test on hydrolysate AO 
quoted in the table, and in a repeat test on lot Z. 
The latter resulted in antitoxin titers of < 0.{X)1, 
>0.001 <0.01, >0.001 <0.01, >2.5 <5.0, 
> 0.5 < 1.0, and > 2.5 < 5.0, ■with a pool of 
0.5 units per cc. It is therefore apparent that 
these guinea pigs, also, differ in their abilitj’ to 
respond, and ■would be no more satisfactory than 
a mixed stock. 

On the whole, as far as the results in guinea 
pigs go, it seems fairly obvious that there is no 
qualitative, and certainlj’ very little, if any, quan- 
titative difference in antigenic action betiveen 
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available, was held to be a disadvantage. Every 
manufacurer had seen toxin of an extremely low 
grade of potency produce antitoxin of astronomical 
proportions in horses, — or at least in one horse, 
whereas stronger toxins had often given poor re- 
sults. ‘Therefore, it was argued, since hydrolysate 
diphtheria toxin was relatively powerful, it would 
be a poor antigen. The general line of reasoning 
apparently questioned the fact that the toxin (or 
toxoid) was itself the antigen and suggested that 
the property of antigenicity resided primarily in 
some substance other than the specific poison. 

Since there was no great urgency connected 
with the establishment of the inaccuracy of such 
a belief, as far as diphtheria toxoid was concerned, 
there seemed to be no point in carrying out 
elaborate experiments to establish the facts. The 
so-called “hydrolysate” toxoid has gradually come 
into production and use in certain localities, and 
there has been no evidence, so far as the writers 
are aware, of any lack of efficacy. 

More important at the present time is the fact 
that the identical situation has now been trans- 
ferred to the problem of tetanus toxoid. Em- 
ployed on a tremendous scale for military im- 
munization, its initial preparation on the tradi- 
tional media containing Witte’s peptone has had 
to be modified because of the presence, in that 
brand of peptone, at any rate, of a substance in- 
ducing severe anaphylaxis in certain individuals 
(4 to 6). Other varieties of peptone are still 
considered admissable, largely because no serious 
accidents have thus far been reported following 
their use. By their very nature as large frag- 
ments of protein, containing various enzyme resi- 
dues and complex tissue components, their wide- 
spread use in man might well be avoided, provided 
the desired end may be reached without them. 

These considerations have persuaded the writ- 
ers to attempt the production on peptone-free 
media of tetanus toxin for conversion to toxoid 
for human use. A measure of success has at- 
tended these efforts (7 to 9), and it appears at 
this time to be worth while reporting a series of 
controlled experiments, designed to compare the 
antigenicity of hydrolysate toxoid with that of 
peptone toxoid. It seems to be a matter of some 
urgenc}' that tlie facts in connection with this mat- 
ter should be determined with accuracy and the 


subject definitely removed from the realm of mere 
speculation. 

It is unfortunate that there is not at this time a 
tetanus toxoid which has been established as a 
standard in the United States. Since, however, 
all tetanus toxoid on the market or supplied to the 
military forces has been check tested at the Divi- 
sion of Biologies Control of the National Institute 
of Health and has been found to pass their mini- 
mum requirements, it would appear that speci- 
mens which have been distributed by a number 
of commercial producers to the trade or to the 
Army should constitute a reasonable standard 
with which a series of hydrolysate toxoids might 
be compared. 

Proceeding on this assumption, we have ob- 
tained a number of lots of tetanus toxoid, repre- 
senting products of several manufacturers, through 
the courtesy of the Office of the Surgeon General 
of the Army. The antigenicity of these toxoids 


TABLE I 


Guinea 

pig 

Toxoid used 

Serum titer 

Results of toxin injection 

950 

Commercial A 

Units anti- 
toxin per CO, 
>1.0 <2.5 

No symptoms 

951 

Commercial A 

>2.5 

<5.0 

No symptoms 

952 

Commercial A 

>0.25 

<0.5 

No symptoms 

953 

Commercial A 

>0.25 

<0.5 

No symptoms 
(Killed in bleeding) 
Moderate symptoms, sur- 
vived 

954 

Commercial A 

>2.5 

<5.0 

955 

Commercial A 

>0.1 

<0.25 

914 

Commercial B 

>0.25 

<0.5 

Moderate symptoms, sur- 

915 

Commercial B 

>0.5 

<1.0 

No symptoms 

Marked symptoms, survivea 

916 

Commercial B 

>0.1 

<0.25 

917 

Commercial B 

>0.01 

<0.1 

No symptoms 

Moderate symptoms, sur 

918 

Commercial B 

0.01 

919 

Commercial B 

2.5 

vived 

No symptoms 

908 

Commercial C 

1.0 

No symptoms 

909 

Commercial C 

>0.1 

<0.25 

Moderate symptoms, sui 
vived 5 ,,.. 

Moderate symptoms, sut 

910 

Commercial C 

>1.0 

<2.5 

911 

Commercial C 

>1.0 

<2.5 

No symptoms , . 

Slight symptoms, survived 

912 

Commercial C 

>0.1 

<0.25 

913 

Commercial C 

>0.25 

<0.5 

No symptoms 

920 

Commercial D 

0.25 

Slight symptoms, survived 

921 

Commercial D 

>0.1 

<0.25 

No symptoms 

922 

Commercial D 

2.5 

No symptoms 

923 

Commercial D 

>2.5 

<5.0 

No symptoms 

924 

Commercial D 

0.01 

No symptoms 

925 

Commercial D 

>1.0 

<2.5 

No symptoms 

926 

Commercial E 

>2.5 

<5.0 

No symptoms 

927 

Commercial E 

>0.25 

<0.5 

No symptoms 

928 

Commercial E 

>0.25 

<0.5 

No symptoms 

Moderate symptoms, s 

929 

Commercial E 

>0.01 

<0.1 

930 

Commercial E 

>0.25 

<0.5 

No symptoms 

931 

Commercial E 

>0.1 

<0.25 

No symptoms 

944 

Commerdal F 

>0.001 <0.01 

Severe symptoms survdvd 
Died, tetanus, swond day 
Died, tetanus. 

945 

Commercial F 

>0.001 <0.01 

946 

Commercial F 

>0.001 <0.01 

947 

Commerdal F 

0.01 

Severe symptoms, 

948 

Commercial F 

>0.25 

<0.5 

Slight symptoms, suiv 

949 

Commerdal F 

>0.25 

<0.5 

No symptoms 
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TABLE n 


Guicea 

p!e 

Toxoid used 

Serum titer 

Results of toxin 
iolection 



units onti- 
toxin Per cc. 


871 

Hydrolysate Z 

>0.1 <0.25 

Moderate symptoms. 



8ur\'ivcd 

872 

Hydrolysate Z 

>0.001 <0.01 

Moderate symptoms, 



survived 

873 

Hydrolj-jate Z 

0,001 

Died, tetanus, second 
day 

No symptoms 

874 

Hydrolysate Z 

>0.01 <0.1 

875 

Hydrob'sate Z 

>0.25 <0.5 

No siTuptoms 

876 

HydroI}-sate 2 

0.01 

Slieht symptoms, sur- 



vivcd 

877 

Hydrolysate AO 

>0.25 <0.5 

No symptoms 

878 

Hydrolysate AO 

0.5 

No symptoms 

879 

H>'droI>'sate AO 

>0J5 <0J 

' No symptoms 

8S0 

H>'drolysate AO 

>0.1 <0.25 

No symptoms 

881 

Hydrolysate AO 

0.005 

Died, tetanus, seventh 
day 

No symptoms 

882 

Hydrolysate AO 

>0.1 <0.25 

855 

HydroI>-xate AQ 

OJ 

Slight symptoms, sur* 



vived 

856 

Hydrolysate AQ 

0.5 

Slight sjTnptoms, sur- 



vivcd 

857 

Hs'drolysate AQ 

>0.25 <OJ 

Slight symptoms, snr- 


1 

vived 

858 

Hydrolysate AQ 

>0.001 <0.003 

Moderate symptoms. 



survived 

859 

Hydrolysate AQ 

0.5 

No symptoms 

860 

Hydrolysate AQ 

0.001 

Died, tetanus, second 
day 

800 

Hydrolysate AT 

>0.01 <0.1 

Slight symptoms, sur- 




vived 

801 

Hydrolysate AT 

>0.25 <0.5 

No symptoms 

802 

Hydrolysate AT 

0.01 

No symptoms 

803 

Hydrolysate AT 

>0.25 <0J 

(Killed in bleeding) 

804 

Hydrolysate AT 

0.005 

No s>Tnptoms 

£05 

Hydrolysate AT 

0.25 

No symptoms 

788 

Hydrolysate AV 

0J5 

Slight symptoms, sur- 
vived < 

Died, tetanus, third day 

785 

Hydrolysate AV 

0.001 

790 

Hydrolysate AV 

>0.1 <0.25 

Questionable symptoms. 




survived 

791 

Hydrolysate AV 

>0.001 <0.01 

Died, tetanus, second 
day 

No simiptoms 

792 

Hydrolysate AV 

0.1 

793 

Hydrolysate AV 

0.25 

No symptoms 

848 

Hydrolysate BD 

0.0025 

Severe symptoms, re- 
covered 

No symptoms 

850 

Hydrolysate BD 

>0i5 <0.5 

851 

Hydrolysate BD 

0,1 

Moderate symptoms, re- 
covered 

No symptoms 

852 

Hydrolysate BD 

>5.0 <7.5 

853 

Hydrolysate BD 

>0.1 <0.25 

Moderate symptoms. 

854 

- 


survived 

HydroIysateBD 

>0315 <0.5 

No symptoms 


TABLE III 

Anliloxin tilers of pools of sera from each lot 

^tnmerdalA O^unitspercc- Hydrolysate Z 0.1 naits i>er cc. 

Commerce B 0.4 units per cc. Hydrolysate AO OJ units per cc. 

^uimerciai C 0.5 units per cc. HydroIysateAQ OJ units per cc. 

^mmerdal D 0.6 units per cc. Hydrolysate AT 0.2 units per cc. 

^mmerdal E 0.5 units per cc. Hydrolysate AV Oi units per cc. 

Commercial F 0.1 to 0.2 units per cc. Hydrolysate BD 0.6 units per cc. 

for guinea pigs and for man has been examined 
in parallel ivith a number of hydrolysate toxoids 
produced in this laboratory. The data in regard 
to guinea pig assay is presented herewith, while 
the results of human immunizations will be sum- 
marized in a separate communication. 


METHOD 

For a variety of reasons, the standard test method of 
the National Institute has not been followed. There is, 


at present, no really suitable and generally accepted 
method of appraising antigenicity. We have chosen to 
adopt a procedure which should give the maximum in- 
formation possible from the number of animals used. 

A subcutaneous injection of 1.0 cc. of toxoid was given 
each of a series of guinea pigs, of approximately 230 
grams per pig. Six or more animals were injected 
from each batch of toxoid to be examined. Included were 
toxoids from 6 different manufacturers, and 6 different 
lots of hydrolysate product At the end of 6 weeks, the 
animals were bled from the heart, the individual sera 
separated and titrated for the antitoxin level. An occa- 
sional pig died as a result of the bleeding, but all others 
were injected, usually 48 hours later, with a massive 
(1000 MLD) dose of standard tetanus toxin (National 
Institute Lot H3), and the subsequent presence or ab- 
sence of sj’mptoms or time of death noted. The results 
are tabulated in Tables I, II, and III. 

DISCUSSION 

An inspection of the above data shows, in the 
first place, the tremendous individual variations 
among guinea pigs in ability to respond to iden- 
tical stimuli. Tetanus toxoid is reputedly a 
relatively poor antigen when given initially, pre- 
sumably because it represents a completely new 
experience for the tissue cells. Evidently, in cer- 
tain animals, there is almost no antitoxin produced, 
while in others, the response is considerable. As- 
stuning this to be an inherent vital property, it 
becomes problematical to what extent the differ- 
ences indicated in the tables, between the com- 
merdal toxoids A and F, for example, demon- 
strate an actual dissimilarity in antigenicity of 
such magnitude. 

If it were possible to obtain a genetically pure 
strain of guinea pigs with considerably greater 
uniformity of response, more significant compara- 
tive estimates would be possible. The only such 
strain now available, the so-called “Connaught,” 
was employed in the test on hydrolysate AO 
quoted in the table, and in a repeat test on lot Z. 
The latter resulted in antitoxin titers of < 0.001, 
> 0.001 < 0 . 01 , > 0.001 < 0 . 01 , > 2.5 < 5 . 0 ^ 
j> 0.5 <[ 1.0, and j> 2.5 •< 5.0, with a pool of 
0.5 umts per cc. It is therefore apparent that 
these guinea pigs, also, differ in their ability to 
respond, and would be no more satisfactory than 
a mixed stock. 

On the whole, as far as the results in guinea 
pigs go, it seems fairly obvious that there is no 
qualitative, and certainly very little, if any, quan- 
titative difference in antigenic action beriveen 
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toxoids free from, and those containing, peptone. 
In other words, the theoretical aspect of the ques- 
tion, outlined in the introduction, appears to be 
born out. If the presence of “peptone,” by which 
is meant relatively large, possibly non-diffusible 
fragments of protein, supplies and adjuvant effect 
on antigenicity, it must be a relatively feeble one. 

The writers wish to thank Mr. William McBrearty for 
his technical assistance in carrying out this work. 

The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University. 
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The considerations leading to the experiments 
to be here described have been presented else- 
where ( 1 ) . The final criterion by which one may 
judge the efficaej' of a product designed to accom- 
plish a particular purpose is its ability to fulfill this 
specific function. Consequently, it has appeared 
essential to determine whether tetanus toxoid, 
produced on a medium free from peptone, would 
compare favorably in actual human application 
with that prepared in the traditional manner on a 
peptone-containing medium. Fortunately, it is 
possible to determine the response directly with 
considerable accuracy by measuring the antitoxin 
produced in the individual’s blood. To this ex- 
tent, therefore, it is possible to appraise the relative 
merits of the two types of toxoid. 

Actually, the final evidence of the ability of a 
presumably protected individual to survive, TOth- 
out symptoms, an injury which would normally 
lead to tetanus cannot be provided experimentally. 
Could such experiments be carried out, it is prob- 
able that the titrable level of antitoxin would prove 
to be the deciding factor. There is, naturally, a 
possibility that some type of tissue or local im- 
munity might play a part, but there appears to be 
no experimental evidence to warrant such a sup- 
position. Actually, the evidence from years of 
experience with passive protection overwhelm- 
ingly supports the view that circulating antitoxin 
is the important factor. Clinical tetanus can be 
prevented by maintaining an adequate level of 
heterologous antitoxin in the blood for a suitable 
length of time. A similar semi-permanent level 
of homologous antitoxin should be at least as 
effective. It seems reasonable, therefore, to judge 
the efficiency of tetanus toxoids on the basis of 
levels of antitoxin produced under similar condi- 
tions in man. 

Tetanus toxoid for human immunization is em- 
ployed in two forms, “fluid” and “alum predpi- 
tated.” It is not our purpose to consider the 


relative merits of the two at this time. Fluid 
toxoid presents the simplest set of conditions for 
study and the experiments to be described have 
been carried out with this type of material. In 
practical use, this substance is administered sub- 
cutaneously in 3 doses of 1.0 cc., at intervals of 3 
to 4 weeks. This series of 3 primary vaednations 
leads, in man, to a variable, but relatively weak, 
output of antitoxin, but does “condition” the tis- 
sues of an individual in such a way that a sub- 
sequent single injection of toxoid made after a 
lapse of months or years causes a rapid production 
of antibody. It is customary, therefore, to follow 
the primary series of 3 injections by a stimulating 


TABLE I 


Effect of primary vaccination 
Units antitoxin per cc. serum 
Commercial Toxoid A 


1. 

>0.01 


<0.1 

2. 

>0.25 


<0.5 

4. 

>0.01 


<0.1 

5. 

>0.25 


<0.5 

7. 


OS 

8. 


0.25 


9. 

>0.25 


<0.5 

10. 

>0.001 


<0.01 

11. 

>0.25 


<0.5 

12. 

>0.25 


<0.5 


Commercial Toxoid B 


14. 


0.01 


15. 


0.1 


16. 

>0.05 


<0.1 

17. 

>0.001 


<0.01 missed 3rd 

18. 

>0.25 


injection 


<0.5 

19. 

>0.001 


<0.01 

20. 

>0.01 


<0.1 

21. 

>0.05 


<0.1 

22. 

>0.001 


<0.01 

23. 

>0.25 


<0.5 

24. 

>0.001 


<0.01 


Commercial Toxoid C 


25. 

>0.1 


<0.25 

26. 

>0.1 


<0.25 

28. 

>0.001 


<0.01 

29. 


0.1 

30. 

>0.1 


<0.25 

31. 


0.001 

32. 


2.5 


33. 

34. 

>0.5 

1.0 

<1.0 

36. 

>0.001 


<0.01 


^ Aided by a grant from the Osmnionwealth Fund. 
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TABLE I — Continued 


Hydrolysate Toxoid 186 


2. 

>0.25 


<0.5 

6. 

>0.25 


<0.5 

10. 

11. 

>0.01 

0.1 

<0.1 

12. 

>0.005 


<0.01 

17. 

>0.25 


<0.5 

20. 

>0.25 


<0.5 

22. 

>0.1 


<0.25 

27. 

32. 

>0.1 

0.1 

<0.25 

33. 

>0.1 


<0.25 

34. 

>0.001 


<0.01 

39. 

42. 

>0.1 

0.01 

<0.25 



Hydrolysate 

Toxoid Z 

1. 


0.1 


3. 

>0.01 


<0.1 

5. 


0.1 


7. 


0.5 


9. 

>0.25 


<0.5 

12. 

>0.1 


<0.25 

15. 

>1.0 


<2.5 

21. 


0.1 


24. 


0.5 


28. 

>0.01 


<0.1 

29. 

>0.1 


<0.25 

35. 

>0.25 


<0.5 

38. 


2.5 


40. 

>0.25 


<0.5 


Hydrolysate Toxoid AO 


4. 

>0.05 


<0,1 

8. 

>0.1 


<0.25 

16. 

18. 

>1.0 

0.01 

<2.5 

19. 

>0.1 


<0.25 

23. 

>0.1 


<0.25 

25. 

>0.01 


<0.1 

26. 

30. 

>0.1 

0.25 

<0.25 

31. 

>0.1 


<0.25 

36. 

>0.25 


<0,5 

41. 

>0.1 


<0.25 

43. 

>0.1 


<0.25 

44, 

>2.5 


<5.0 

45. 

>0.1 


<0.25 


or “recall” dose in a year’s time, or whenever an 
injury occurs of a type which might lead to the 
development of clinical tetanus. It is therefore 
possible to investigate the relative efifectiveness of 
toxoids as initial stimuli and also as agents for the 
recall injection. Experiments along both lines 
have now been carried out. 

TYPES OF TOXOIDS 

As representative samples of commercial fluid toxoids, 
made on peptone-containing media, a number of vials pro- 
duced by various manufacturers for use in the U. S. 
Army were obtained. All of these w-ere from batches in 
actual use, which had certainly been check tested and 
found satisfactorj'. For comparison with these, several 
lots of ‘‘hydrolj-sate” (peptone-free) toxoid were selected. 
These had been prepared in our own laboratorj' by the 


method described elsewhere (2) and had been packaged 
and tested for sterility and safety by the Massachusetts 
Antitoxin and Vaccine Laboratory. 

PLAN OF EXPERIMENTS 

For the series of 3 primary vaccinations, groups of 
adult males, for the most part between 20 and 30 years of 
age, were selected. A group of between 10 and 15 in- 
dividuals was used to test each toxoid. The men were 
given the customary 3 injections of 1.0 cc. each, at inter- 
vals of 3 to 4 weeks. Seven days after the third injec- 
tion, 10 cc. of blood were collected from each man for 
titration of tetanus antitoxin. 

To examine the response to the recall injection, similar 
groups were available of 12 men each who had received 
their primary tetanus inoculation with fluid toxoids about 
one year previously. The toxoids used at that time were 
all of the commercial peptone-containing type, and no 
record was available of the particular brands of toxoid 
used. These men were each bled 10 cc. for the determina- 
tion of tetanus antitoxin still present as a result of their 

TABLE II 


Effect of stimulating dose 


Number 

Pre-injection titer 

Toxoid used 

Post-injection titer 

1 

unit* antitoxin 
per ce. terum 
>0.001 <0.01 

Commercial D 

units ontitoiin 
per cc« terum 

> 3. 

2 

0.001 


Commercial D 

> 5. 

<1U, 

< 2.6 

3 

>0.01 

<0.1 

Commercial D 

> 1. 

4 

>0.01 

<0.1 

Commercial D 

> 1. 

< 2.5 

5 

>0.001 

<0.01 

Commercial D 

6 

>0.001 

<0.01 

■ CommerniBl D 

> 5. 

<10. 

7 

>0.01 

<0.1 

Commercial D 

8 

>0.001 

<0.01 

Commercial D 

> 2.5 

<5. 

9 

0.1 


Commercial D 

10 

11 

O.I 

>0.01 

<0.1 

Commercial D 
Commercial D 

> 4. 

<6. 

<10. 

12 

0.5 

Commercial D 

> 5. 

13 

>0.1 

<0.25 

Hydrolysate 186 

> 6. 

<10. 

blood , 

< 6. 

< 7.5 
<5. 

2.5 

< 5. 
<10. 

2-5 

14 

0.1 


Hydrolysate 186 

15 

>0.25 

<0.5 

Hydrolysate 186 

no 

16 

0.1 


Hydrolysate 186 

> 2.5 

17 

>0.01 

<0.1 

Hydrolysate 186 

> 6. 

18 

>0.1 

<0.25 

Hydrolysate 186 

> 4. 

19 

>0.01 

<0.1 

Hydrolysate 186 

> 2.5 

20 

>0.01 

<0.1 

Hydrolysate 186 

21 

0.25-1- 

Hydrolysate 186 

> 5. 

22 

>0.01 

<0.1 

Hydrolysate 186 

> 1. 

23 

>0.01 

<0.1 

Hydrolysate 186 

< 5. 

24 

>0.1 

<0.25 

Hydrolysate 186 

> 2^ 

25 

>0.01 

<0.1 

Commercial E 

> 5. 

<10. 

<60. 

26 

0.25 


Commercial E 

>50. 

27 

28 

2.5-f- 

>0.1 

<0.25 

Commercial E 
Commercial E 

>10. 

<20. 

<20. 

29 

>0.001 

<0.01 

Commercial E 

>10. 

30 

0.25 


Commercial E 

< 25 

31 

>0.01 

<0.1 

Commercial E 

> 1. 

<20. 

32 

>0.01 

<0.1 

Commercial E 

>10. 

33 

>0.01 

<0.1 

Commercial E 

<20. 

34 

0.1 

Commercial E 

>10. 

<20. 

35 

>0.25 

<0.5 

Commercial E 

>10. 

5. 

36 

>0.01 

<0.1 

Commercial E 


37 

>0.1 

<0.25 

Hydrolysate Lot Z 

>20. 

<30. 

< 2J 

38 

>0.25 

<0.5 

Hydrolysate Lot Z 

> I- 

<10. 

39 

>0.01 

<0.1 

Hydrolysate Lot Z 

> 5* 

<20. 

40 

0.5 


Hydrolysate Lot Z 

>10. 

<2i 

41 

0.1+ 


Hydrolysate Lot / 

> L 

<». 

42 

>025 

<0.5 

Hydrolj'satc Lot Zr 

>10. 

< 5. 

43 

0.01+ 


Hydrolysate Lot l 

> 4* 

<20. 

44 

0.25 


Hydrolj’aate Lot Z 

>10. 

> 0.25 

< os 

45 

>0.1 

<0.25 

Hydrolysate Lot Z 

<10., 

46 

>0.1 

<0.25 

Hydrolysate Lot Z 

> 

> 0J2S 

< oi 

47 

O.OI-t- 


Hydrolysate Lot Z 

< 

48 

>0.01 

<0.1 

Hj'drolysate Lot Z 

> L 
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TABLE II — Continued 


Knabcr 

Pre-iai«tioa titer 

Toxoid 

Fcst-iajeclioa liter 


«n£ti crJiijrjn 


ur.iU crJitciin 




yrrcc. rervn 

49 

>0.1 

<025 

Ccrssercixl F 


5 


50 

0.15 


Cotmserclal F 

> 5. 


<10. 

51 

0.01+ 


CocaerdxIF 


5. 


52 

>0.01 

<0.1 

Coniserclal F 

> I. 


< 25 

S3 

>0.01 

<0.1 

Cornncrcbl F 

> 1. 


< 25 

M 

O.I 


CoaaercUl F 


5. 


55 

>0.001 

<0X1 

ConraerrialF 

> 1. 


< 25 

55 

0.01+ 


CoEosem'al F 


25+ 


57 

O.OI-r 


CcsuserciaJ F 

> 1. 


< 25 

ss 

OS 


Ccrsnerdal F 

> 5. 


<10. 

59 

0^ 


Coraserdal F 

>30. 


«0. 

to 

0.01+ 


Coissercb! F 

> I. 


< 25 

ei 

0B1+ 


Hrdro1ys2itc AO 


0.54- 


62 

0.01-^ 


Hyd.'olrixt^ AO 

> 0i5 


< 05 

63 

>0D1 

<0.1 

Hri-olrsite AO 

> 05 


< 1. 

64 

i >0.01 

<0.1 

Hyd-olTsalc AO 

> 6.0 


< 75 

ti 

>0.01 

<0.1 

Hydrolj*5ale AO 

> 1. 


< 25 

65 

0.1+ 


Hyd.t»lnate AO 

> 25 


< 5. 

67 

>1. 

<2.5 

' Hydrolysate AO 

> 25 


< i. 

6S 

>0.01 

<0.1 

i Hyil^lysale AO 

> 1. 


< 25 

69 

0.25 


Hydrolysate AO 

> 5. 


<10. 

70 

>0.01 

<0.1 

Hydrolysate AO 

> 5. 


<10. 

71 

>0.01 

<0.1 

Hydrolysate AO 


5. 


72 

>0.01 

<0.1 

Hyd.*oly*ale AO 

>10. 


<20. 

73 

>0D1 

<0.1 

Com^rddO 

> s. 


<10. 

74 

>0D1 

<0.1 

CoTnnfrcial G 

> 5. 


<10, 

75 

0.01 


Commercial G 

> 25 


< 1. 

76 1 

>0.01 

<0.1 

^rnr^ercial G 

> 5. 


<10- 

77 

>0.001 

<0.01 

Comm-rrial G 

> L 


< 25 

78 

>0D1 

<0.1 

CoTTwertialG 


25 


79 

>0.01 

<0.1 

Cotr.r:!*eelal G 


10. 


SO 

>0.1 

<0.25 

^g’jrtercial G i 

CO blood 


SI 

>0.01 

<0J 

Cornnercial G 


05+ 


82 

0.1+ 


Comm.ercial G ' 

>10. 


<20. 

S3 

>ai 

<0J15 

CotxnerdaIG 

> 1. 


< 25 

S4 

0.1+ 


Cozsaercbl G | 

>10. 


<20. 

u 

0.01 


Hydrolysate AT 

> 1. 


< 25 

85 

>0.1 

<055 

Hrd.-olnat« AT 

> 25 


< s. 

87 

0.25 


HydroJysale AT 

> 1. 


< 25 

88 

>aoi 

<0.1 

Hydrolysate AT 

00 blood 


£9 

>aooi 

<051 

Hydrolysate AT 


05+ 


90 

0.001 


Hj-d.'olrsaK AT 

> 0.01 


< 0.1 

91 

>0JX)1 

<0.01 

Hydrobrate AT 

> 25 


< 5, 

92 

>0.1 

<0.25 

Hydrolysate AT 

> 25 


< 5. 

93 

>0.25 

<05 

Hydrolnale AT 

> 5. 


<10. 


04)l-f 


Hydrobsate AT 


5. 


95 

0.254* 


Hydrolysate AT 

>20. 


<30. 

95 

>0.01 

<0.1 

Hyd.*oIysate AT 

> 25 


< S. 

97 

>0.01 

<0.1 

CorTrm^dal H 


4. 


93 

>0.01 

<0.1 

Commercial H 

> 5. 


<10. 

99 

0.25 


Commf^rcial H 

> 5. 


<10. 

100 

0D1+ 

CoamerrialH 

> L 


< 25 

101 

0i)l+ 

Coinmercial H 


6. 


102 

>0.25 

<05 

Commercial H 

> 5. 


<10. 

103 

>0D1 

<0.1 

Commercial H 

> 25 


< 5. 


earlier vaccination, and were then given, in groups of 12, 
1 cc. of one of the toxoids. After a lapse of 7 days, 
blood was again collected for estimation of the response. 


ANTITOXIN TITRATIONS 

The serum was separated from the clots and the tetanus 
antitoxin in each sample w'as titrated in the usual man- 
ner, except that mice were employed rather than guinea 
P'gs. The toxin used was a dry, standard preparation 
supplied by the National Institute of Health, and the 
Quantities used at the various levels were those stated to 
be correct. A number of the sera were check-titrated at 
the National Institute by the guinea pig method, with 
perfectly satisfactory agreement between the two sets of 
results. 

analysis OF RESULTS 

It is evident from an inspection of these data 
that the response in antitoxin production obtmned 


with the various lots of hydrolysate toxoid com- 
pares favorably with that from those prepared on 
peptone media. The same rather considerable 
individual variation evidently occurs in man as in 
experimental animals, and a direct comparison of 
the various lots of toxoid used is difficult because 
of the relatively small size of the groups. It is 
perfectly e\ndent, however, that neither as primary 
stimuli, nor when, used as recall injections, do the 
hydrolysate toxoids differ in any degree from the 
peptone products. 

The following statistical analysis of the figures 
has been prepared by Miss Jane Worcester of the 
Department of Vital Statistics, Harvard School of 
Public Health. -.3 

"Since antitoxin titers are necessarily positive, it might 
seem better to discuss their logarithms rather than the 
actual values, but a cursory examination of the data in- 
dicates that because of the nature of the variation neither 
the logarithms nor the values themselves form a satis- 
factory series upon which to use precise statistical tech- 
niques. Consequently a rather general discussion seems 
preferable to one aiming at precision. The tables give 
the mean and median response to the commercial and 
hydrolysate toxoids. 


Bleedings seven days after third injection of 1.0 cc. 



Mean 

Mediae 


Mean 

Afedian 

Commercial A 

0.28 

0.38 

Hydrolysate 186 

0.18 

0.18 

Commercial B 

0.10 

0.06 

Hydrolysate Z 

0.52 

0.28 

Commerdal C 

0.49 

0.18 

Hydrolysate AO 

0.51 

0.18 

Total 

0.28 

0.10 

Total 

0.41 

0.18 


The means and medians indicate that the effects of 
commercial toxoids A and C cannot be considered differ- 
ent, but that it is possible that the effect of B is less than 
the other Uvo. There is no difference between the mem- 
bers of the hydrolysate series. If the data are combined 
into tv,-o series, one for the commercial and one for the 
hydrolysate preparations, the mean values are 028 and 
0.41. The difference betv.'een the medians (0.10 and 0.18) 
is slightly smaller than that between the means and seems 
to be too small to have any significance. 

The post-recall titers present much the same picture. 


Post-recall tilers 



Mean 

Median 


Mean 

Median 

Commercial D 
Commercial B 
Commerdal E 
Commercial F 
Commerdal C 
Total 

3.9 

14.1 

6.5 

6.6 

5.4 

7.5 

3.9 

15.0 

4.4 

7.5 
6.0 
5.0 

Hydrolysate 186 
Hydrolysate Z 
Hydrolysate AO 
Hydrolysate AT 
Hydrolysate 

Total 

4.2 
8.0 
4.5 

4.3 

5.3 

3.8)1 
6.0 1 
3.5 • 
3.8 ■ 

3.8 
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With the exception of the effect produced by the toxoid 
B, the various products seem to be acting in the same way. 
The mean values for the total groups are 7.5 and 5.3. 
If the values for B are removed, the mean value for the 
commercial series becomes 5.6 which does not differ from 
5.3. This particular lot of toxoid B does seem to be 
producing a significantly better titer than any of the 
other toxoids considered.” 

It is not without interest that toxoid B, used in 
the primary vaccination series, and toxoid B used 
in the stimulation experiment, were identical, the 
same lot from the same manufacturer. In the 
first case, it apparently was the least effective of 
any, whereas in the second group it appeared to 
be- outstandingly good. The same toxoid showed 
a‘p--^'fectly average result when tested in guinea 
pigs (1). 

The use of peptone-free tetanus toxoid for hu- 
man prophylaxis thus appears completely satis- 
factory 'from the standpoint of antitoxin produc- 
tion. It is neither more nor less effective than 
the ordinary type, but unlike that, it cannot lead, 
when used initially, to sensitization to some com- 
ponent of the original medium. Naturally it con- 
tains protein , products of the tetanus bacillus, in- 
cluding toxoid, and in certain individuals, reac- 
tions due to these materials may occur, either on 
the first or a subsequent injection. It is gen- 
erally believed that such reactions are few in num- 
ber and mild, — quite different from the immediate 
and alarming anaphylactic type which has oc- 
curred in certain individuals, and has been shown 
to be due to components of peptone (3). For 
example, in the series of approximately SO pri- 
mary human vaccinations, no reactions were noted, 
although the majority of the volunteers in these 
groups were men with definite histories of al- 


lergy. In one man who had received two courses 
of (probably) alum-precipitated toxoid over a 
period of several years, a stimulating dose of one 
of the hydrolysate toxoids resulted in a badly 
swollen arm, but no general symptoms. His 
serum antitoxin increased from 2.5 to 12 units per 
cc. in 7 days. Unfortunately, it was imprac- 
ticable to keep the remainder of the men under 
close observation, but no alarming symptoms were 
reported in any case. 

It now seems possible, therefore, to prepare 
this prophylactic agent in such form that the only 
antigenic material present is the one desired, plus 
such additional products of growth of the tetanus 
bacillus as naturally accompany it. .Whether an 
effort to purify further the toxoid itself, by re- 
moval of these latter substances, will be desirable 
must depend on more extended practical use of the 
material. 

The work described in this paper was done tinder a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University. 

Inclusion of this series of papers in this number of the 
Journal of Clinical Investigation was made possible by 
the Josiah Macy, Jr. Foundation, at the request of the 
editors, in order to provide prompt publication of results 
of investigation particularly relevant to military medicine. 

BIBLIOGRAPHY 

1. Mueller, J. H., Seidman, L. R., and Miller, P. A., A 

comparison of antigenicities of hydrolysate an 

peptone tetanus toxoid in the guinea pig. !• ^ 

Invest., 1943, 22, 321. 

2. Mueller, J. H., and Miller, P. A., Large scale produc- 

tion of tetanus toxin on a peptone-free medium. 

J. Immunol. (In press.) , 

3. Long, A. P., Tetanus toxoid, its use in the Unie 

States Army. Am. J. Pub. Health, 1943, 33, 



metabolism anu 

by S. Z. SORON Dispmsary, and 

^Frcn ihc ,.' H. Rr^' D^apno.ffc B«5»on) 

(Received for publication July 2, 1942) 


Thus lar, no rok has carbohydrate 

izjme amylase m the m (.q. 

etaholism. The recen Herbert, and 

•orkers (L 2), and o ^ghly improbable 

lolmes (3), makes it app g carbohydrate 

hat amylase participates tissues, 

netabolism of hver,^ muse , enzyme 

^ previous communication ^^.storage dis- 

studies on the liver tissue in g j S 

ease (von Gierke’s '^^^Jity in liver 

demonstrate of carbohydrate 

amylase activity m this , blood amy- 

metabolism. Nevertheless, ^ the com- 

lase activitj' ^.^Xate metabolism-^la- 

mon diseases of carbohj ^ gj^gk 

betes and liver disease. ’ g^^^g^ation in 

report (Njfrby (5)) jg encountered, 

the enzyme activity m la reports, 

However, among the numer ^ concerning 

there is marked divergence ^„_viase activity. 

Almost as many papers ^ ^ in these con- 

increase in blood amyk M'c opposite, and in- 

ditions as there are reporting ggented to 

deed, experimental work is 

corroborate the findings, w 

low (6). ,v,r,tpd a reinvestigation 

These circumstances prompte method, 

of blood amylase activity, 'Vit a ^^^_^gUular 

in patients suffering from la > patient 

a„; otter kinds o£ liver ^ to obtain 

with glycogen-storage determinations 

a basis for comparison, ormal subjects 

were carried out m a sene various 

and also in several children suffenng from 

TT/Timda” 


lU a.lbU 111 

X Work aided by a grant 1*'°™ tHr Charlton 

^n. the Bingham Associates Fund, and 

und. . ^ nf Emanuel Libman 

2 Work completed during tenur 

'ellowship. ; 


XlOll 

childhood diseases which do not affect t 

blood amylase activity agreement of 

hydrate disease involving the 

results recorded m acu ^ Schksmger 

excretory' function J ligation of the 

( 7 ), in 1908, demonstmk ^ 

pancreatic ducts m aug- 

blood tmylMe has been shown, by 

rented blood antyla » ^ finical and 

numerous authors, Qf pan- 

experimental ^ out in recent articles 

creatic disease, as .spo a advisable 

(8, 9). I' *“'rod amylase activity m 
also to determine th evised method, 

this disease category ^vlth t 

The basis for an ^ge activity lies m 

the determination 0 hydrolysis of starch 

the following lase takes place as a 

to reducing sugars } ^ pliase of 

monomolecular ^ 

the splitting ^. elneasuredwithahigh de- 

chiefly maltose, can 

gree of accuracy'. an integral part of 

includes fractional measurement of 

the procedure, there y ^^^^jnckcular phase. 

the hydrolysis *1^100 of the Hagedom-Jensen 

Hanes’ (12) ^°^f"t7to estimate the reducing 
method 'vas. employed ^,^mte 

sugars formed, since th s 

results for such sugar jg based on the 

The amylase method This basis 

saccharifying activity was first popu- 

of measuring amy > that time the 

larizedbyKjeldahH in^lS^- ,^pinyed m 

saccharification m j^^thors including Sher_ 

mndified form by many Somogyi 

moditieo -(ViHstatter c/ o'- 

baneful. (lU), 


iiai* v- - ' 

-T^;^by Sherman cl al. d )- 


328 


J. HOWARD MUELLER, LEAH R. SEIDMAN, AND PAULINE A. MILLER 


With the exception of the effect produced by the toxoid 
B, the various products seem to be acting in the same way. 
The mean values for the total groups are 7.5 and 5.3. 
If the values for B are removed, the mean value for the 
commercial series becomes 5.6 which does not differ from 
5.3. This particular lot of toxoid B does seem to be 
producing a significantly better titer than any of the 
other toxoids considered.” 

It is not without interest that toxoid B, used in 
the primary vaccination series, and toxoid B used 
in the stimulation experiment, were identical, the 
same lot from the same manufacturer. In the 
first case, it apparently was the least effective of 
any, whereas in the second group it appeared to 
be- outstandingly good. The same toxoid showed 
a-^pvr-'fectly average result when tested in guinea 
pigs (1). 

The use of peptone-free tetanus toxoid for hu- 
man prophylaxis thus appears completely satis- 
factory 'from the standpoint of antitoxin produc- 
tion. It is neither more nor less effective than 
the ordinary type, but unlike that, it cannot lead, 
when used initially, to sensitization to some com- 
ponent of the original medium. Naturally it con- 
tains protein products of the tetanus bacillus, in- 
cluding toxoid, and in certain individuals, reac- 
tions due to these materials may occur, either on 
the first or a subsequent injection. It is gen- 
erally believed that such reactions are few in num- 
ber and mild, — quite different from the immediate 
and alarming anaphylactic type which has oc- 
curred in certain individuals, and has been shown 
to be due to components of peptone (3). For 
example, in the series of approximately 50 pri- 
mary human vaccinations, no reactions were noted, 
although the majority of the volunteers in these 
groups were men with definite histories of al- 


lergy. In one man who had received two courses 
of (probably) alum-precipitated toxoid over a 
period of several years, a stimulating dose of one 
of the hydrolysate toxoids resulted in a badly 
swollen arm, but no general symptoms. His 
serum antitoxin increased from 2.5 to 12 units per 
cc. in 7 days. Unfortunately, it was imprac- 
ticable to keep the remainder of the men under 
close observation, but no alarming symptoms were 
reported in any case. 

It now seems possible, therefore, to prepare 
this prophylactic agent in such form that the only 
antigenic material present is the one desired, plus 
such additional products of growth of the tetanus 
bacillus as naturally accompany it. .'Whether an 
effort to purify further the toxoid itself, byTe- 
moval of these latter substances, will be desirable 
must depend on more extended practical use of the 
material. 

The work described in this paper was done tinder a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University. 

Inclusion of this series of papers in this number of the 
Journal of Clinical Investigation was made possible by 
the Josiah Macy, Jr. Foundation, at the request of the 
editors, in order to provide prompt publication of results 
of investigation particularly relevant to military medicine. 
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Thus far, no role has been established for the 
enzyme amylase in the intermediate carbohydrate 
metabolism. The recent work of ^on and co 
workers (1, 2). and of Ostern Herbert and 
Holmes (3), makes it appear highly 
that amylase participates in the carbohydrate 
metabolism of liver, muscle, and ot er tissue 
A previous communication (4) reporte enzym 
studies on the liver tissue in glycogen-stor^e dis- 
ease (von Gierke’s disease), which failed to 
demonstrate any definite abnormality m iver 
amylase activity in this disease of car o y 
metabolism. Nevertheless, abnormal blood amy- 
lase activity has often been reported m the com- 
mon diseases of carbohydrate metabolism--<lia- 
betes and liver disease. In fact, only a single 
report (Njfrby (5)) recording no alteration m 
the enzyme activity in diabetes is encountered. 
However, among the numerous other reports, 
there is marked divergence of opinion concerning 
the nature of the abnormality in amylase activity. 
Almost as many papers are found favoring an 
increase in blood amylolytic activity in these con 
ditions as there are reporting the opposite, an in- 
deed, experimental w'ork is often 
corroborate the findings, whether they be ig or 

low (6). . . . 

These circumstances prompted a reinvestigation 
V- of blood amylase activity, with a revised method, 
in patients suffering from diabetes, hepato ce ^ ar 
and other kinds of liver disease, and in a patient 
with glycogen-storage disease. In order to o tain 
a basis for comparison, similar determinations 
were carried out in a series of normal subjects 
and also in several children suffering from various 
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childhood diseases which do not affect the carbo- 
hydrate metabolism. ' 

In sharp contrast with the divergent ^^PO^s on 
blood amylase activity in disturbances of carbo- 
hydrate metabolism is the marked 
results recorded in acute disease involving the 
excretory function of the pancreas. Schlesinge 
(7) in 1908, demonstrated that ligation o 
ieatic ducts in animals 
blood amylase activity. Since that time, aug 
“Led blLd amylase activity has been shown by 
:Lerous authors, to beat a definite cW and 
experimental relationship to this type of pan 
creatic disease, as is pointed out 
(8 9) It was, therefore, considered adwsable 

Lo to determine the blood amylase activity m 
this disease category with the revised method. 

The basis for an entirely reliable method for 
the determination of blood amylase actmty lies m 
the follomng facts: (i) The hydrolysis of starch 
to reducing sugars by amylase takes place as a 
monomolecular reaction during a certain phase of 
the splitting (10, 11); and (2) these sugars, 
chiefly maltose, can be measured with a high de- 
gree of accuracy. A method was devised w^ich 
includes fractional splitting as an integral part of 
the procedure, thereby assuring measurement of 
the hydrolysis during its monomolecular phase. 
Hanes’ (12) modification of the Hagedorn- Jensen 
method was .employed to estimate the reducing 
sugars formed, since this method yields accurate 
results for such sugars in the presence of starch. 
The amylase method, therefore, is based on the 
saccharifying power of the ei^yme. This basis 
of measuring amylolytic activity ivas first popu- 
larized by Kjeldahl = in 1880. Since that time the 
saccharification method has been employed in 
modified form by many authors including Sher- 
man et d. (10), Willstatter el d. (11), Somogyi 
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(13), and others. The method described in this 
paper offers the advantage derived from the frac- 
tional splitting which is incorporated. This makes 
it possible to ascertain in each instance whether 
or not the determination was made during the 
monomolecular phase of amylolysis. 

METHOD 

There are three parts : 1. The enzymatic hydrolysis of 
starch; II. deproteinization of serum proteins; III. deter- 
mination of the reducing substances formed. Interruption 
may be made between any of the parts. 

The reageiits used are as follows: Substrate, 1.4 per 
cent water clear solution of soluble starch (Kalbaum- 
Zulkowsky) ; M/15 NajHPOi and KH2PO4 buffer having 
a pH of 6.8; activator, M/S NaCl; IN HCl and NaOH; 
10 per cent neutral sodium tungstate^; and the reagents 
for the Hanes’ method. 

Part I. Place 25 cc. of substrate, 15 cc. of buffer, 5 cc. 
of activator, and 2.5 cc. of distilled water in a 125 cc. 
Erlenmyer flask. The latter is immersed in a thermo- 
statically controlled waterbath, kept at 37° C, for the 
duration of the hydrolysis. When the temperature of the 
contents of the flask reaches 37° C., 2.5 cc. of serum are 
added with continuous shaking, and immediately there- 
after 10 cc. of the flask’s contents are transferred to a 
IS cc. centrifuge tube containing 1 cc. of IN HCl (the 
HCI inactivates the enzyme and also facilitates the pre- 
cipitation of the proteins in Part II). The time is noted. 
Three subsequent 10 cc, samples are similarly treated at 
exactly 20, 40, and 60 minutes later. Thus, 4 aliquot 
fractions are obtained, each containing 0.5 cc. of serum. 
The first fraction removed serves as the blank. 

Part II. Deproteinization is accomplished by adding 
2 cc. of the sodium tungstate to each fraction, stirring, 
and centrifuging for 5 minutes. The water clear super- 
natant fluid is decanted into 50 cc. Hagedorn-Jensen tubes, 
each of which contains 1 cc. of IN NaOH to neutralize 
the HCl used in Part I. 

Part III. The amount of reducing substance in each 
fraction is measured by the Hanes’ method. 

The method of calculating the amylolytic activity and 
several examples to illustrate the findings in normal hu- 
man serum are given in Tables I and II. The average 
20-minute sodium thiosulfate titration value is multiplied 
by 2, to obtain the value for 1 cc. of serum, and by the 
conversion factor for maltose (0.55). The product thus 
obtained is multiplied by 3 to obtain the amount split in 
1 hour (i.c., the measure of the amylolytic activity of the 
scrum). 

It will be seen from Tables I and II that a straight line 
type of curve is obtained if the amount of reducing sub- 
stance found in the fractions is plotted against the time 
elapsed. 

Since the samples must be neutral before Part III is 
carried out, the IN HCl and the NaOH must be made up 
accurately, and the sodium tungstate should gi' e a neutral 
reaction with litmus. 


TABLE r 

Normal human serum 


Subject 

j N/7S NasSrOa titration values of the fractions 

Blank 

20 minutes 

40 minutes 

60 mil 

A 

7.07 

6.07 

5.08 

4.{ 

B 

6.80 

5.00 

3.30 

U 

C 

6.96 

5.86 

4.78 

3.( 

D 

7.90 

7.08 

6.28 

5.^ 

E 

7.19 

6.80 

6.44 

6.C 

1 


TABLE rr 

Calculation of amylolytic activity 

’•'Titration value of blank 7.07 7.07 

Titration value of fractions 6.07 5.08 


Increment in 20, 40, 60 minutes 1.00 1.99 

Increment in each 20 minutes _ 1.00 0.995 

Average 20-minute titration value = 1.00 cc. 
1.00 X 2 X 0.890t X O.SS X 3 

= 2.94 mgm. maltose 1 cc. s< 
1 hour 

* The titration values are those of Subject A in Tal 
t Correction factor for N/75 sodium thiosulfate use 


Modification of method for rapid determination. 
accurate rapid determination in serum of high am; 
activity may be carried out by making the following n 
changes in the method. Add 0.5 cc. of serum and 4. 
of water, instead of the quantities indicated above, 
limit the hydrolysis to two 10-minute periods. With 
modified method, the amylase value in serum of 
activity can be ascertained in less than one hour. 


NORMAL SUBJECTS 

The individuals examined included patients ' 
had no evidence of organic disease, physicians 
other hospital workers. It will be seen that 
values, as shown in Table III, range between 


TABLE in 


Serum amylolytic activity in normal subjects 


Mgm. maltose 
split in 1 hour 

0.5 to 1 

1 to 2 

2 to 3 

3 to 4 

4 to 5 

5 to 5.5 
Total subjects 
Average splitting 


Number of 
subjects 

1 

’ 5 
11 
4 
3 
1 
25 

2.6 mgni 


and 5.5 mgm. (average 2.6 mgm.) of ma 
split by 1 cc. of serum in 1 hour. For this reas 
a unit of amylolytic activity for clinical purpo 
was established as equal to 1 mgm. of ma t 
formed by 1 cc. of serum in 1 hour under t 


ditions utilized in the method. 
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DIABETIC PATIENTS 

The blood of 56 diabetic patients was tested for 
its amylase activity. The majority of the pa- 
tients were ambulator)’. All grades of diabetes, 
with the exception of diabetic coma, and various 
age groups, were included. The results disclose 
the same range of amylolytic activity as was 
found in the normal individuals. No relation- 
ship to insulin therapy could be established. 

TABLE IV 

Serum amylolytic activity in diabetic patients 
Amylase unica Number of patients 


0.5 to 1 

1 

1 to 2 

15 

2 to 3 

18 

3 to 4 

11 

4 to 5 

9 

5 to 6 

2 

Total number of patients 

56 

Average activity in units 

2.7 


PATIENTS WITH LIVER DISEASE 

This series includes 5 cases of toxic hepatitis, 
1 of acute yellow atrophy, 5 of Laennec’s cirrhosis 
(1 with intercurrent jaundice), 3 of cholelithiasis 
presenting no symptoms of pancreatic involve- 
ment, and 4 cases of obstructive icterus. The lat- 
ter were of varied etiology: common duct stone, 
xanthomatous biliary cirrhosis, and carcinoma of 
the head of the pancreas. One case of congenital 
hemolytic icterus and one of hepatomegaly in a 
child with essential lipemia are also included in 
this group. From the findings shown in Table 

TABLE V 

Serum amylolytic activity in liver disease 


Diicase Amylase ooits 

Acute vellow atrophy 2.70 

Toxic hepatitis 2.25 

Toxic hepatitis 3.10 

Toxic hepatitis 1.50 

Toxic hepatitis 4.60 

Toxic hepatitis 5.00 

Cirrhosis 1.80 

Cirrhosis 4.00 

Cirrhosis 2.90 

Cirrhosis 1.60 

Cirrhosis with intercurrent hepatitis 2.60 

Cholelithiasis 1.10 

Cholelithiasis 5.25 

Cholelithiasis 2.05 

Hepatomegaly (Essential lipemia) 2.33 

Hemolytic icterus (Congenital) 1.30 

Obstructive icterus (Choledocholithiasis) 0.85 

Obstructive icterus (Choledocholithiasis) 2.25 

Obstructive icterus (Xanthomatous biliary 

cirrhosis) 3.30 

Obstructive icterus (Carcinoma of head of 

pancreas) 43,00 


V, it is seen that values similar to those in normal 
individuals were obtained in all instances except 
the one in which there was pancreatic involvement 
due to carcinoma of the head of the pancreas. 

PATIENT WITH GLYCOGEN STORAGE DISEASE 

A value of 2.2 units was found in the blood of 
a 3-day-old infant suffering from this disorder 
of carbohydrate metabolism.^ Autopsy subse- 
quently revealed typical findings of markedly in- 
creased glycogen storage in the liver. 

PATIENTS WITH VARIOUS CHILDHOOD DISEASES 

The results of blood amylase determinations in 
7 children suffering from a variety of diseases are 
given in Table VI. The values fell within the 
range found in the normal subjects. 

TABLE VI 

Serum amylolytic activity in disease in childhood 


Chorea 

5.50 

Pneumonia 

2.90 

Rheumatic fever _ 

2.25 

Rheumatic carditis 

3.10 

Meckel’s diverticulum _ 

2.30 

Essential xanthomatosis 

2.40 

Nephritis 

4.35 


PATIENTS WITH NON-DIABETIC PANCREATIC 
DISEASE 

Frequent determinations were made in 4 cases 
of disease involving the excretory function of the 
pancreas (Table VII). One of the cases is that 


TABLE VII 

Serum amylase in non-diahelic pancreatic disease 


Pa6?3t A ! 

1 

Patieat B 1 

1 

Patient C 

Patient D 

1 

Cardaoraa ofhttd 1 
ofpancrtas | 

Ante pacereatic 
eds:na 

Arjte pancreatic ! 
edema i 

Acnte pancreatic 
edema 

Date 

Aaylase 

u&ita 

Date 

Amylase 

ocita 

Date 

Am^ase 

unitfi 

Date 

Amyiase 

units 

Apnl27 
May 2 
Jfay A 
May 7 
May 25 
May 30 

39.95 

43.71 

Azm 

35.15 

40.60 

50.40 

lUr * 
ilay i 
May 7 
May 12 

2tOi 

12.70 

3.2.5 

3.00 

May 17 
May IS 
May 19 
i May 21 
i May 22 
May 23 
ilay24 

55.29 

9.07 

8.10 

7.20 

5.40 

5.90 

5.40 

May 25 
May 27 
May 23 
May 20 

17.14 

8.23 

1.M 


of the patient with carcinoma of the head of the 
pancreas included in Table VI. The other 3 were 
those of patients who entered the hospital with a 

^ The blood from this patient was obtained through the 
kindness of Dr. Elmer Barron and Dr. Francis Mac- 
Donald of the Boston Floating Hospital. 
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clinical picture characteristic of acute pancreati- 
tis.® The subsequent course and the clinical 
investigations carried out made it possible to 
establish the diagnosis of acute pancreatic edema, 
secondary to cholelithiasis, in each of the cases. 

A maintained increase of the blood amylase was 
present in the patient with the carcinoma of the 
head of the pancreas. The patients suffering 
from acute pancreatic edema exhibited initial ele- 
vations of considerable magnitude with a sub- 
sequent return of the amylase activity to a normal 
level within several days. 

DISCUSSION 

Non-diabetic pancreatic disease. The increased 
blood amylase activity as observed in all of the 4 
cases in this group is in accord with the long estab- 
lished relationship between high blood amylase 
values and disease of this type. The short dura- 
tion of the increased activity in acute pancreati- 
tides has also been well established clinically (14, 
15) and experimentally (16), and the clinical 
value of the blood amylase determination in these 
conditions has been stressed (17). A maintained 
increase of amylase activity as observed in the pa- 
tient with carcinoma of the head of the pancreas 
has not been reported previously. However, a 
persistent increase in serum amylase activity has 
been observed in dogs following permanent ex- 
perimental closure of the pancreatic ducts (18). 

Diseases of carbohydrate metabolism. The pa- 
tients with diabetes, hepato-cellular liver disorders, 
and the one patient with glycogen storage disease, 
all exhibited normal blood amylase values. These 
findings are in keeping with the fact that no role 
has been found in the intermediary carbohydrate 
metabolism for this enzyme, despite the recent 
advancement of knowledge in this field. Recent 
contributions (2, 3) demonstrate the presence in 
liver, muscle, and other tissues, of a reversible 
glycogen-glucose conversion mechanism which 
depends on a specific phosphorylase-phosphatase 
enz3'^me system. This work also supplies experi- 
mental evidence that the mechanism is capable 
by itself of fulfilling the body’s requirements for 
glucose obtained from gl^’cogen stored in the liver, 

c The study of these patients was made possible through 
the cooperation of Dr. Stephen Maddock, Director of the 
Surgical Research Laboratories of the Boston Cit>' Hos- 
pital. 


and makes it appear highly improbable that amy- 
lase participates in this essential phase of inter- 
mediary carbohydrate metabolism ( 1 ) . 

Liver tissue possesses amylolytic activity, but 
this activity probably results mainly from the 
amylase contained in the hepatic blood and not in 
the liver cells proper (19, 1, 8). However, re- 
gardless of its source, there is no proof that the 
amylase present in the liver has a function in 
carbohydrate metabolism. Conversely, there are 
reasons which make it doubtful that it has any 
function in the liver. The activity of the enzyme 
which is but slight in human blood is even less 
marked in liver tissue. In duodenal juice, where 
it' plays a known role in the digestion of carbohy- 
drates, the amylase is more than one thousand 
times as active as that of blood or liver. Fur- 
thermore, amylase hy'^drolyzes starches to dextnns 
and to maltose as an end product (20), and, m 
physiological concentration, not at all or only m 
small amounts to glucose (21). The presence of 
the chief split products of amylolysis, maltose and 
non-fermentable reducing substances, cannot be 
demonstrated in liver tissue (8). Were maltose 
to be formed as an intermediary product and 
rapidly converted to the tissue utilizable glucose, 
the aid of a highly active maltase would be re- 
quired. The latter enzyme is not known to be 
present in the human liver. 

At present, therefore, there is no proof of the 
participation of amylase in the intermediary car 
bohydrate metabolism. The recent work and the 
other evidence mentioned militate against such an 
assumption. In accord with this are the norma 
blood amylase findings in diseases of carbohydrate 
metabolism, as reported in this paper. 
findings may, therefore, be considered as cHruca 
evidence pointing in the same direction. 

SUMMARY AND CONCLUSIONS 

1. The blood amylolytic activity of 25 norma^ 
patients was found to be between 0.5 and • 
mgm. (average 2.6 mgm.) of maltose per cc. o 
serum per hour, with the method described. 

2. A clinical unit of amylolytic activity 
established as equal to 1 mgm. of maltose forme 
in 1 hour by 1 cc. of serum. 

• Unpublished data. 
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3. Normal blood amylase values were obtained 
in 56 diabetics, 11 patients with hepato-cellular 
liver disease, 8 with other types of liver disturb- 
ance, and 1 with glycogen storage disease. 

4. Markedly increased blood amylase activity 
of transitor}- duration was obseiwed in 3 patients 
with acute pancreatic edema ; similarly augmented 
activity, but of a persistent nature, was found in 
a patient suffering from a carcinoma of the head 
of the pancreas. 

* 5. The increased blood am 3 'lase activity en- 
countered in the 4 patients with disease involving 
the excretor}- function of the pancreas is in accord 
with the clinical and experimental findings of 
numerous other authors. 

6. The normal blood amylase values in disease 
of carbohydrate metabolism is offered as clinical 
e\-idence of the non-participation of am)4ase in 
the intermediaiy' carbohydrate metabolism. 

The author gratefully acknowledges the guidance given 
him by Dr. S. J. Thannhauser in caro'ing out this study. 
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One of the immediate effects of hypophysec- 
tom}' is a loss of nitrogen (1) and a correspond- 
ing loss in weight (2). This change is reflected 
clinically b}’ the so-called cachexia of Simmonds’ 
disease (3). Nitrogen balance is then re-estab- 
lished at a lower level of body weight with 
lessened food intake. 

In the experimental animal, adequate replace- 
ment therapy is readily obtained with anterior 
hypophyseal substance or extracts (4, 5), includ- 
ing the production of nitrogen retention and gain 
in weight (1). Qinically, however, such attempts 
have been singularly unsuccessful (6, 35) except 
for one case treated with pregnant mare’s serum 
(7), and another recent report by Williams (8), 
of treatment with a mixture of thyroid, desoxycor- 
ticosterone, and methyl testosterone. 

The recent reports of gro\vth in cases of dwarf- 
ism treated by methyl testosterone (9) reveal that 
nitrogen retention and creatinuria are produced. 
The origin of some types of dwarfism has been 
attributed by many to a disturbance in the growth 
function of the anterior hypophysis. This sug- 
gests that methyl testosterone may produce its ef- 
fects on nitrogen metabolism in the absence of 
hypophyseal function, which is of great interest 
in view of the intimate role of the hypophysis in 
such metabolism (10). However, since the cause 
of the dwarfism cannot be definitely localized to 
the hypophysis (11), it would seem important to 
try methyl testosterone in cases of Simmonds’ 
disease, in which hypophyseal function is known 
to be lacking and in which any effect on nitrogen 
metabolism is not complicated by concurrent 
groivth. Positive results might well point to this 
hormone as a possible therapeutic agent in this 
disease. 

Accordingly, a study was conducted in the 

^ Aided by a grant from the Rockefeller Foundation for 
Teaching and Research in Neurology. 


Presbyterian Hospital on two cases of Simmonds’ 
disease due to destruction of the hypophysis by 
intrasellar tumors, a girl of 20 years and a man 
of 31. They were placed on a low creatine diet 
and balance studies were conducted before, during, 
and after treatment with methyl testosterone. 
Striking subjective, obj'ective, and laboratory 
changes occurred. Two additional cases W'ere 
treated and followed clinically, with the produc- 
tion of similar changes, although it was not pos- 
sible to secure adequate laboratory data. These 
are mentioned briefly at the end of the text and 
their case histories are appended. 

METHODS 

The case histories of the 2 patients used in this study 
are detailed at the end of this paper. Both were placed 
on low creatine diets, the man receiving 2,450 calories 
per day composed of 290 grams of carbohydrate, 75 grams 
of protein, and 110 grams of fats; the girl received 1,600 
calories divided into 200 C, 55 P, and 65 F, calculated 
from diet tables. The man carried on his customary ac- 
tivities; the girl was unable to do so, due to weakness, 
and remained in bed. All urine was pooled as 24-hour 
outputs under toluol, for analysis of total nitrogen, crea- 
tine, creatinine, uric acid, and phosphorus. Occasional 
24-hour specimens were collected with chloroform for 
17-ketosteroid determination. Nitrogen was determined 
by a modified micro-Kjeldahl method (12), creatine and 
creatinine by a modification of the Folin method (13), 
uric acid by the Brown method (14), and phosphorus by 
the Fiske and Subarrow method (15). Urinary 17-keto- 
steroids were determined colorimetrically by the Zimmer- 
mann procedure as detailed by Callow and Callow (16), 
following an extraction procedure previously outlined 
(17). Bloods for cholesterol, sugar, and serum protein 
partition were determined by the Bloor (18), Folin and 
\Vu (19), and Howe (20), methods respectively. Basal 
metabolic rates were run in a closed system apparatus, 
using the DuBois formula for surface area calculations. 
Crystalline methyl testosterone,^ 10 mgm. tablets each, 

- Dr. Edward Henderson of the Schering Corporation 
generously supplied the methyl testosterone and the pla- 
cebo tablets. Mr. ilautner of the Ciba Corporation fur- 
nished a small quantitj' of methyl testosterone, also. 
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TABLE I 

Table listing the tirinary excretion values for nitrogen, creatine, creatinine, inorganic phosphorus, a 7 id uric acid in Simmonds' 

dtsease, before, during, and after methyl testosterone administration 


Patient R. K., female, on a diet containing 8.8 grams of protein N per day, less 0.4 grams N in stool 


Day of experi- 
ment. Start — 
April 21, 1942 

Treatment 

Nitrogen 

Creatinine 

Creatine 

Phosphorus 

Uric acid 

1 to 7 

8 to IS 

16 to 22 

Methyl test- 
osterone 

grams per ZJ^hoHrs 

3.35 

3.60 

3.19 

0.617 

0.600 

0.560 

mgm. per 

0.369 

0.433 

0.354 

' S4 hours 

Average 0.460 

Average 0.216 

23 to 30 


5.12 

0.765 

0.493 



31 to 38 


6.11 

0.706 

0.343 



39 to 46 

None 

6.82 

0.744 

0.317 



47 to 54 


6.71 

0.696 

0.244 



55 to 62 


6.53 

0.708 

0.196 

Average 0.620 

Average 0.306 

63 to 70 

Methyl test- 

4.47 

0.693 




71 to 77 

osterone 

4.26 

0.700 

IhI 

Average 0.490 

Average 0.282 


Patient McA., male, on a diet containing 12.0 grams protein N per day, less 1.1 grams N in stool 


start — May 1, 1942 

1 to 7 

8 to 12 

None 

9.67 

8.68 

1.28 

1.23 

0.090 

0.100 

Average 0.680 

Average 0.320 

13 to 20 


7.35 


0.111 



21 to 28 

Methyl 

7.81 


0.091 



29 to 36 

test- 

8.53 


0.192 



37 to 44 

osterone 

9.68 

1.45 

0.330 



45 to 53 


9.07 

1.50 

0.313 

Average 0.610 

Average 0.400 

54 to 61 

62 to 69 

None 

9.42 

11.23 

Bi 

0.269 

0.296 

Average 0.745 

Average 0.342 


were given in 20 mgm. doses, 5 times daily. Exact dupli- 
cate tablets without hormone were used as placebos dur- 
ing the control periods. 

RESULTS 

Clinical. Both patients had been carefully fol- 
lowed for 4 years prior to the present experiment, 
without any appreciable alteration in their condi- 
tion during the past 2 years. Both complained of 
weakness and lack of energy. The girl was bed- 
ridden, whereas the man was able to carry out only 
desk work, though capable of strenuous manual 
labor prior to the onset of his disease. After sev- 
eral weeks of methyl testosterone administration, 
both patients manifested a sense of well-being, 
greater muscular strength, and an increase in 
appetite. The man, who had had only an occa- 
sional erection and no ejaculation for at least 4 
years, spontaneously noted a return of normal 
frequency of erections and had several nocturnal 
emissions, as well as a definite sense of libido. 
The girl, interestingly, began to discuss her “ boy 
friends ” and displayed a degree of spontaneous 


activity quite gratifying to all who had observed 
her previous lethargy. On identical appearing 
placebo tablets, this improvement persisted for a 
month and then disappeared. 

Physical changes with treatment were definite. 
Secondary sex hair, which had completely dis- 
appeared in both, reappeared in the axillae and 
pubic regions after 3 or 4 weeks, and increased for 
several weeks after the introduction of placebos. 
However, no seborrhea appeared, unlike the al- 
most invariable occurrence of this condition m 
eunuchoids so treated (21). Biceps tone and size 
apparently increased in both, though the element 
of enthusiastic cooperation on the part of the 
patients cannot be ruled out. The girl, however, 
in the latter part of the treatment was able to get 
out of bed and stand unassisted to be weighc 
which she had not done for 2 years. Blood prcs^ 
sure remained essentially unaffected in both. ’ 
size of the prostate doubled to one-half adult size 
in the man, the testes were unaffected, and t le 
uterus of the girl remained atrophic. 
changes were borderline, if real, in both. O - 
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weight started to increase almost immediately, and 
continued to rise throughout the period of treat- 
ment, decreasing upon cessation of the drug. The 
subjects gained about 10 lbs. each during the lim- 
ited period of treatment, the girl’s weight increas- 
ing from 123 to 131 lbs., and the man’s from 176 
to 186 lbs. 

Laborator}’. Clear-cut changes occurred from 
the laborator}’ standpoint, also. The appearance 
of nitrogen retention and an increase in creatinuria 
were the most interesting, and are detailed below 
(Figures 1 and 2; (Table I). The basal meta- 
bolic rate tended to rise and the fasting serum 
cholesterol to fall, the cholesterol reaching unusu- 
ally low levels for both (Table II). A slight rise 
in serum albumin and decline in globulin were 
suggested, but more data are needed. No change 
occurred in serum sodium, NPN, urinarj’ 17- 
ketosteroid output, serum electrolyte partition in- 
cluding sodium, or in the complete blood count. 


Oral glucose tolerance tests reverted to a normal 
pattern. 

The composition of the diets was calculated 
from standard tables and was not analyzed. Stools 
were analyzed for nitrogen in both patients, with 
and without treatment, and the results in both 
periods were essential!}' the same. The urinary' 
nitrogen output was about 3 grams greater daify 
in the woman without treatment than with it, and 
about 1 gram greater in the man. This difference 
w'as less toward the end of the treatment period 
in the latter. A loss of some of the retained nitro- 
gen occurred in the man on stopping the drug. 
The administration of the drug decreased the wide 
daily fluctuations in nitrogen excretion. 

A mild creatinuria was present during the con- 
trol periods but became greatly exaggerated after 
3 weeks of treatment. This slowly declined fol- 
lowing cessation of the drug for about the same 
length of time. Renewal of therapy then raised 


Creatinine 



f/ithyl testeswrens 
100 mg. daily. 


Fic. 1. Graph Show'ixg the Eftect of Meth^'i. Testosteeoxe Therapy cpox 
THE Urinary Excpxiton of Nitrogen, Creatine, and Cp.eatinine of Patient 
R. K., FEiiALE, Age 20, v.tth Simmonds’ Dise-ase Due to an Intracpxnial 
Tumor 
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TABLE I 


Table listing the urinary excretion values for nitrogen, creatine, creatinine, inorganic phosphorus, and uric acid in Simmonds' 

disease, before, during, and after methyl testosterone administration 

Patient R. K., female, on a diet containing 8.8 grams of protein N per day, less 0.4 grams N in stool 


Day of experi- 
ment. Start — 
April 21, 1942 

Treatment 

Nitrogen 

Creatinine 

Creatine 

Phosphorus 

Uric acid 

1 to 7 

8 to 15 

16 to 22 

Methyl test- 
osterone 

grams per S4 hours 

3,35 

3.60 

3.19 

0.617 , 

0.600 ! 
0.560 

mgm. per 

0.369 

0.433 

0.354 1 

S4 hours 

Average 0.460 

Average 0.216 

23 to 30 1 


5.12 

0.765 

0.493 1 



31 to 38 


6.11 

0.706 

0.343 



39 to 46 1 

None 

6.82 

0.744 

0.317 



47 to 54 


6.71 

0.696 

0.244 



55 to 62 


6.53 

0.708 

0.196 

Average 0.620 

! Average U.306 

63 to 70 

Methyl test- 

4.47 

0.693 

0.202 



71 to 77 

osterone 

4.26 

0.700 

1 0.357 

1 

Average 0.490 

Average 0.282 


Patient McA., male, on a diet containing 12.0 grams protein N per day, less 1.1 grams N in stool 


Start — May 1, 1942 



1 

1 




1 to 7 

8 to 12 

None 

9.67 

8.68 

1.28 

1.23 

0.090 

0.100 

Average 0.680 

Average 0.320 

13 to 20 

i 

7.35 i 

1.27 ! 

0.111 



21 to 28 

Methyl 

7.81 

1.36 

0.091 



29 to 36 

test- 

8.53 

1.40 

0.192 



37 to 44 

osterone 

9.68 

1.45 

0.330 


Average 0.400 

45 to S3 


9.07 

1.50 

0.313 

Average 0.610 

54 to 61 

None 

9.42 

1.52 

0.269 


Average 0.342 

62 to 69 

11.23 

1.51 

0.296 

Average 0.745 


were given in 20 mgm. doses, 5 times daily. Exact dupli- 
cate tablets without hormone were used as placebos dur- 
ing the control periods. 

RESULTS 

Clinical. Both patients had been carefully fol- 
lowed for 4 years prior to the present experiment, 
without any appreciable alteration in their condi- 
tion during the past 2 years. Both complained of 
weakness and lack of energy. The girl was bed- 
ridden, whereas the man was able to carry out only 
desk work, though capable of strenuous manual 
labor prior to the onset of his disease. After sev- 
eral weeks of meth 3 d testosterone administration, 
both patients manifested a sense of well-being, 
greater muscular strength, and an increase in 
appetite. The man. who had had only an occa- 
sional erection and no ejaculation for at least 4 
3 'ears, spontaneously noted a return of normal 
frequency of erections and had several nocturnal 
emissions, as well as a definite sense of libido. 
The girl, interestingly, began to discuss her " boj' 
friends ” and displayed a degree of spontaneous 


activity quite gratifying to all who had observed 
her previous lethargy. On identical appearing 
placebo tablets, this improvement persisted for a 
month and then disappeared. 

Physical changes with treatment were definite. 
Secondary sex hair, which had completely dis 
appeared in both, reappeared in the axillae an 
pubic regions after 3 or 4 weeks, and increased for 
several weeks after the introduction of placebos. 
However, no seborrhea appeared, unlike the a 
most invariable occurrence of this condition m 
eunuchoids so treated (21). Biceps tone and size 
apparently increased in both, though the 
of enthusiastic cooperation on the part o tic 
patients cannot be ruled out. The girl, however, 
in the latter part of the treatment was able to ge 
out of bed and stand unassisted to be weigiet 
which she had not done for 2 years. ^ Blood pre 
sure remained essentially unaffected in hot 
size of the prostate doubled to one-half adult si 
in the man, the testes were unaffected, an 
uterus of the girl remained atrophic. 
changes were borderline, if real, in both. 
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weight started to increase almost immediately, and 
continued to rise throughout the period of treat- 
ment, decreasing upon cessation of the drug. The 
subjects gained about 10 lbs. each during the lim- 
ited period of treatment, the girl’s weight increas- 
ing from 123 to 131 lbs., and the man’s from 176 
to 186 lbs. 

Laborator}'. Clear-cut changes occurred from 
the laboratory standpoint, also. The appearance 
of nitrogen retention and an increase in creatinuria 
were the most interesting, and are detailed below 
(Figures 1 and 2; (Table I). The basal meta- 
bolic rate tended to rise and the fasting serum 
cholesterol to fall, the cholesterol reaching unusu- 
ally low levels for both (Table II). A slight rise 
in serum albumin and decline in globulin were 
suggested, but more data are needed. No change 
occurred in serum sodium, NPN, urinarj' 17- 
ketosteroid output, serum electroljTe partition in- 
cluding sodium, or in the complete blood count. 


Oral glucose tolerance tests reverted to a normal 
pattern. 

The composition of the diets was calculated 
from standard tables and was not anatyzed. Stools 
were analyzed for nitrogen in both patients, with 
and without treatment, and the results in both 
periods were essentiall}' the same. The urinar}’- 
nitrogen output was about 3 grams greater daily 
in the woman without treatment than with it, and 
about 1 gram greater in the man. This difference 
was less toward the end of the treatment period 
in the latter. A loss of some of the retained nitro- 
gen occurred in the man on stopping the drug. 
The administration of the drug decreased the wide 
daily fluctuations in nitrogen excretion. 

A mild creatinuria %vas present during the con- 
trol periods but became greatly exaggerated after 
3 weeks of treatment. This slowly declined fol- 
lowing cessation of the drug for about the same 
length of time. Renewal of therapy then raised 


O'catininz 



Fig. 1. Graph Showing the Effect of Methvl Testosteeoxe Therapy upon 
THE Urinary Excrekon of Nitrogen, Cpxatine, and Creatinine of Patient 
R. K., pEiiALE, Age 20 , with SiiiwoNDs’ Disease Due to an Intpacranial 
Tumor 
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Creatinine 
or creatine 
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24 hrs. 

t400 


1200 


1.000 


.800 


.600 


.400 


.200 


Nz ams. 



May 1,1942 Day of expt. 

McAo^A9e3i ^ ^ 

HHl Methyl testosterone 

100 mg. daily 


Fig. 2. Graph Showing the Effect of Methyl Testosterone Therapy upon 
THE Urinary Excretion of Nitrogen, Creatine, and Creatinine of Patient 
McA., Male, Age 31, with Simmonds' Disease Due to a Pituitary Adenoma 


TABLE II 


Table showing the effect of methyl testosterone administration upon basal metabolic rate and fasting 

serum cholesterol in Simmonds' disease 


McA. 


Treatment 

Date 

Basal 

me- 

tab- 

olic 

rate 

1 Fast-7 
ing S 
serum 
chol-S 
esterol 


April 7, 1942 

-34 

mgm. 
Per cent 
187 

None 

April 30. 1942 

-41 



May 12, 1942 

-36 

204 

Methyl testo- 
sterone 

May 12, 1942 
to 

June 17. 1942 

June 11. 1942 

-32 

134 

June 17. 1942 


107 

None 

June 22. 1942 

-41 

94 


June 24, 1942 


125 


July 1, 1942 

-39 

148 






R. K. 


Treatment 


None 


Methyl testo- 
sterone 


March 28. 1942 
to 

May 13, 1942 


None 


Methyl testo- 
sterone 

June 18. 1942 
to 

June 30. 1942, 


Date 


March 20, 1942 


April 8, 1942 


April 16, 1942 

April 23. 1942 
April 30. 1942 
May 8. 1942 
May 13. 1942 


May 2S. 1942 


June 19. 1942 


June 

June 


23. 1942 
25. 1942 


Jane 26. 1942 
(June 30, 1942 


Basal 

me- 

tab- 

olic 

rate 


-28 


-33 


-46 

-37 

-37 

-21 

-26 


-35 


-32 

-37 

-32 

-30 

-28 


Fast- 

ing 

serum 

chol- 

esterol 


mgm 
per cent] 
25S 


290 


E. S. 


ment 
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the output to its previous high levels, much more 
quickly. Uric acid excretion showed no definite 
correlation with the other values. Inorganic phos- 
phate output tended to follow nitrogen. The cre- 
atinine excretion was inconsistent, inasmuch as it 
tended to rise during treatment in the man, and 
after treatment in the woman. 

COMMENT 

The effects of replacement therapy in the hypo- 
physectomised rat, treated with anterior hypo- 
physeal implants and extracts, are well known 
(2). Nitrogen retention occurs with little change 
in the other urinary constituents, except salts and 
phosphorus which parallel nitrogen output (1). 
Likewise, the extremely important role played by 
the anterior hypophysis in the regulation of nitro- 
gen metabolism as it relates to protein storage and 
breakdown in the intact animal has been made 
progressively clearer (22), The fact that methyl 
testosterone will cause nitrogen retention, and 
hence presumably protein synthesis, during mark- 
edly reduced or possibly absent hypophyseal func- 
tion, just as it does in the normal and in eunuch- 
oidism (23), would tend to indicate that the fun- 
damental mechanisms involved in nitrogen me- 
tabolism may be influenced in the absence of the 
hypophysis. This is also indicated by the fact that 
when nutrition is forcibly maintained at its pre- 
vious level, weight loss may be prevented with 
maintenance of body nitrogen, despite the other 
^'manifestations of anterior hypophyseal lack (24). 

Two alternative and less likely possibilities pre- 
sent themselves. It is possible that methyl testo- 
sterone may activate remaining hypophyseal tissue 
to an increased degree of function. The failure of 
17-ketosteroids to rise in the urine is against this. 
The sole source of these urinary steroids in women 
is the adrenal cortex, as shown by the disappear- 
ance of these substances consequent to the de- 
struction of the adrenal in Addison’s disease (25). 
In men, an additional fraction is derived from the 
testes due to the conversion of testosterone in the 
' liver (26). Since the secretory activity of both 
the adrenal cortex and of the testis is largely de- 
pendent upon the anterior hypophysis (2), failure 
of the latter results in the disappearance of 17- 
ketosteroids from the urine of both sexes. Re- 
newed adrenotropic or, in the male, gonadotropic 


activity under these circumstances might be ex- 
pected to cause a re-rise in steroid output. Thus 
the failure of the cases under discussion to demon- 
strate such a rise is evidence against increased 
h 3 'pophyseaI activity. Since testosterone has a 
gonadotropic action in maintaining spermatogene- 
sis in the hy-pophysectomized animal (27), another 
possibility is that methyl testosterone may imitate 
other hypophyseal hormonal effects, namely, upon 
nitrogen metabolism. 

The effect on creatine metabolism is of a de- 
gree which indicates a specific action of the hor- 
mone. Transmethylation (28) alone, with the 
utilization of all the methyl groups contained in 
the 100 mgm. of methyl testosterone for the syn- 
thesis of creatine, would account for only 135 
mgm. if used solely for this purpose. The 400 
mgm. levels of excretion attained by the patients 
studied here, and an output of 1,200 mgm. in 24 
hours in a eunuchoid on this dosage (29), show 
the reaction to be beyond the amounts accounted 
for by the possibility of transmethjdation. 

The effects on basal metabolic rate and choles- 
terol are similar to those reported in eunuchoidism 
treated with methyl testosterone (30), The mech- 
anism and significance of these changes is unex- 
plained. 

The failure of seborrhea or folliculitis to de- 
velop, despite secondarj' sexual hair growth in 
these and in the other 2 cases with this condition 
similarly treated, is important. These manifesta- 
tions occur almost universally in eunuchoids so 
treated (21). It thus appears likely that certain 
basic conditions are necessary before androgens 
can act upon the skin to produce seborrhea. This 
fundamental preparation of the skin is lacking as 
a direct, or indirect consequence of the hj-po- 
physeal failure. Hamilton (31) has quantitated 
sebum secretion with a fluorescent light after ether 
extraction of the skin, but these methods have not 
as yet been employed in the cases presented in 
this study. 

The growth of secondary' sex hair is interesting 
in Hew of the absence of adrenal androgens, both 
before and during therapy, as revealed by the 
17-ketosteroid excretion. The effect of the methyl 
testosterone on the man's genital tract corresponds 
to the effectiveness of the hormone in the hypo- 
physectomized animal (32). This is not true of 
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the woman since the uterus failed to respond (33). 
Matters of dosage and length of administration 
may enter into this. 

The striking clinical improvement consequent 
to treatment merits a word of comment. Sense 
of strength and well-being are indefinables which 
cannot be measured. However, one’s experience 
with these patients tends to lend weight to the re- 
sponse noted here, a result which has failed to 
materialize with the use of many other therapeutic 
agents. How long the hormone will continue to 
be effective is being observed. Libido has per- 
sisted in the 2 patients not included in this study, 
for the past 6 months, with progressive weight 
gain during this time, while on the drug. 

The question of whether hypophyseal function 
is entirely absent in these cases is a cogent one. 
In the rat, the removal of nine-tenths of the gland 
produces no symptoms (2), but beyond this, the 
whole picture of insufficiency may develop despite 
remaining fragments of the gland. Thus, these 
patients may have small amounts of functioning 
tissue even though the clinical picture of hypo- 
physectomy is complete, — namely, pallor, asthenia, 
total loss of secondary sex hair, loss of genital 
function, no 17-ketosteroid excretion, and low 
basal metabolic rate. As for weight loss, the man 
was well below his former average weight of 205 
lbs., but the girl was force-fed at home and was 
slightly obese. However, recent experience has 
shown that mild obesity may be present despite 
complete destruction of the anterior hypophysis, 
proven at autopsy (34). There is one feature in 
the girl which suggests possible hypophyseal ac- 
tivity, namely, a slight but definite increase in the 
size of the thyroid gland over the past few years. 
However, her basal rate remains — 40 per cent.® 

Clinical results from the treatment of 2 other 
men with anterior hypopituitarism due to tumor 
were obtained during this study. The results, as 
far as libido, weight gain, and sense of well-being, 
have been as striking as in the cases reported here. 
Likewise, seborrhea failed to appear, as mentioned 
above, although growth of secondary sex char- 
acteristics occurred. Laboratory data are insuffi- 
cient for presentation. Their case histories are 
appended. 

3 Subsequent autopsy failed to reveal any pituitary cells 
whatsoever. 


SUMMARY 

Striking subjective, objective, and laboratory 
changes followed the treatment with methyl testo- 
sterone of 4 patients with Simmonds’ disease. 

Clinically, the patients demonstrated renewed 
vigor, sense of strength and libido, and rede- 
veloped secondary sex characteristics. 

Seborrhea failed to appear, suggesting that an- 
drogens act to produce seborrhea only after the 
skin has been prepared by some basic mechanism 
or mechanisms, which are wanting following hypo- 
physeal failure. 

In the absence of hypophyseal function, the ad- 
ministration of methyl testosterone resulted in 
nitrogen retention, associated with persistent 
weight gain. 

Marked creatinuria developed after a latent pe- 
riod of several weeks, and subsided in about the 
same length of time after stopping treatment. 

The therapeutic value of methyl testosterone in 
Simmonds’ disease or anterior pituitary insuf- 
ficiency is s’uggested by the cases in this senes. 
A more extensive clinical trial of the drug is 
warranted, and more clinical and laboratory data 
should be accumulated. 

The authors are indebted to Miss Genevieve Corbett 
and to Miss Elizabeth Zabriskie for technical assistance. 

CASE HISTORIES 

Case 1. R. K. P. H. Unit No. 497847. Female. Sin- 
gle. Age 20 years. 

The complete history to 1940 has been previously sum- 
marized (35). The diagnosis of aneurysm of the interna 
carotid artery within the skull was made, and wiring wit i 
electrothermic coagulation was performed in 1938, o 
lowing the failure of bilateral ligation of the caroti 
arteries in the neck to halt the destruction within t tc 
skull. A true picture of advanced hypopituitarism, ox 
Simmonds’ disease, was present, due to the progress^ 
destruction of the sella turcica and its contents. Diir*ng 
the 2 years from 1938 to 1940, no further change wR 
the skull occurred. There was some alleviation o tie 
Simmonds’ picture. A weight gain of 20 lbs. foj 
intensive feeding at home. A suggestion of pubic an 
axillary hair growth, and a glucose tolerance curve u 
tended to be diabetic in character, rather than tlie ear le 
flat curve, were noted. Urinary 17 -ketostcroids remainc 
zero. 

In May 1941, a new set of symptoms appearc , e 
sisting of spells of confused consciousness, prece j 
flashes of light, incontinence, and alternate flushing 
blanching of the face. There were no 
ments. The attacks lasted several minutes. Thej ca 
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irregularly, from several hours to several weeks apart. 
Fasting blood sugars during the attacks were 90 to 100 
mgm. per cent. An electroencephalogram revealed a 
“ pathological picture consistent with a number of patho- 
logical states including cerebral anemia plus a destructive 
lesion in the right frontal and temporal regions.” These 
alterations have persisted to the present. 

In November 1941, the patient was readmitted for the 
llth time, because of 3 months of mild diarrhea which 
soon cleared. 

Physical e.'camination : Her blood pressure was 80/60. 
Her striking facial pallor was unchanged. The angles of 
the mouth showed fissuring, redness, and erosion of the 
skin. A slight suggestion of pubic and axillarj’ hair was 
noted. Her status otherwise was unchanged from pre- 
vious occasions. A neurological examination revealed a 
left lower facial palsy, hypesthesia of the right side of 
tongue and face, a right Sth motor weakness, and a devia- 
tion of the tongue to the left. 

Laboratory: The essential finding on this admission 
was in the x-ray of skull. This revealed a remarkable 
increase in the destruction of the skull as compared to 
the films of 1 year before. The wire previously inserted, 
was displaced posteriorly, the base of the skull was further 
damaged, the lateral wall and roof of the right orbit were 
further eroded, and the left optic canal was now 1 cm. 
in diameter. Several urine specimens showed a creatine 
of 0.09 gram and creatinine of 1.113 grams per 24 hours. 

Course; The increased destruction of the skull in the 
face of the wiring, suggested the possibility that a tumor 
such as a chordoma, instead of an aneur>'sm, might be 
present, though Drs. Pfeiffer and Dyke felt the x-ray 
picture was still consistent with one, or several, aneurysms. 
The patient was essentially bedridden. She remained in 
status quo until her next admission for methyl testosterone 
therapy, 

12th admission, Presbyterian Hospital, Ward H Met. 

March 20 to June 6, 1942. Age 20. 

The history and physical examinations were unchanged. 
Her weight was 123J^ lbs. 

Laboratory; X-rays of skull were unchanged since 4 
months previously. Dr. C. Dyke of the Neurological In- 
stitute believed an aneurysm of the right side of the circle 
of Willis was still the most likely possibility. 

Course : The patient was started on methyl testosterone, 
20 mgm., 5 times a day, by mouth, batch no. ILL 17 of 
Schering’s Oreton — M, 1 week after admission, to see the 
effect on her weakness. Several urinary creatines were 
done 1 to 2 weeks after starting therapy, and indicated 
that a definite increase had occurred. A gain in weight 
of 8 lbs. was noted and suggested the possibility of either 
water, fat, or nitrogen retention. Accordingly, a balance 
study was planned, and the results are shoum in the figures 
and tables. Data concerning other laboratory findings are 
listed in Table 11. Methyl testosterone therapy was con- 
tinued until an unquestionable clinical improvement was 
noted by all, a month after starting treatment. The pa- 
tient sat unassisted. A slight bladder dribbling ceased. 
She became alert, interested in her surroundings, and slept 


less. No seborrhea was noted, though, by May llth, pubic 
and axillary hair were definitely growing, and fine hairs 
were visible over abdomen, chest, and upper lip. Her 
weight fell but re-rose to 131J^ lbs. No uterus was palpa- 
ble on gynecological examination. On May 13, the pa- 
tient was started on placebo tablets without hormone, 
batch no. 2SP1. No especial change occurred for 5 days. 
Then the patient had her first central nervous system at- 
tack in several months. From this point on, the patient 
slowly declined to her initial state of inactivity. By June 
18th, she had lost all ground previously gained. She was 
recommenced on methyl testosterone, batch no. 2LL3. A 
weight gain of several pounds occurred again. The ex- 
periment was halted June 20th, however, because of the 
increasing severity of her central nervous system attacks. 
Serum protein values done on entry showed a total of 
7.5 per cent, albumin 4.7 per cent, and globulin 2.8 per 
cent, and did not change during therapy. 

Autopsy on October 11, 1942, showed an aneurj'sm of 
the internal carotid artery, posterior communicating 
branch, with no demonstrable pituitary tissue either on 
gross or microscopic examination. Death followed an 
intracranial exploration. This procedure was a last re- 
sort measure to attempt to control the increasing central 
nervous system involvement. 

Case 2. A. McA. P. H. Unit No. 555816. Single. 

Male. Age 31 years. 

The patient was first admitted to the Neurological In- 
stitute in October 1932, at the age of 21, because of head- 
ache, diplopia, and loss of all vision but light in the left 
eye, for the past year. This followed 3 years of increas- 
ing size of head, hands, and feet. There had always been 
some prognathism. The main findings on physical ex- 
amination revealed early acromegalic features, generalized 
weakness, a temporal visual field defect in the right eye, 
and only upper left quadrant vision remaining in the left. 
His height was 6 feet and 1 inch, and weight 195 lbs. 
Laboratory work-up revealed a distorted sella consistent 
with a slow-growing tumor ; overgrown sinuses and prog- 
nathism of the jaw consistent with acromegaly; and 
x-rays of the feet showing tufting of the terminal pha- 
langes. 

Course; He was given an intensive course of radio- 
therapy, 1,500 r. Only slight bitemporal hemianopia re- 
mained on discharge. He then received a second course 
of 1,500 r. following discharge from the hospital. 

In October 1938, he was admitted to the metabolism 
ward for study. There was a family history of the 
mother having died of lymphatic leukemia. Physical ex- 
amination revealed rheumatic fever in childhood without 
sequelae. He had had Autumn hay fever since he was 
6; a T. & A. in childhood; a bone cj'st removed from 
the left femur in 1934. He now complained of weakness, 
weight loss from 214 lbs. 5 years ago, down to 180 lbs. 
at present, and loss of libido and potenty except for rare 
erections. Nocturnal emissions had ceased. He also 
complained of “anemia,” i.c., marked pallor of the face. 
Physical examination revealed a tj^pical acromegalic with 
a marked pallor of the face. There was no facial, axil- 
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lary, or pubic hair. The left optic nerve was pale. He 
shaved 3 times a week. He had fainted 3 times in the last 
year. Shoe size had decreased, since 1932, from 10 to 9, 
and shoes from HE to lO^D; hat size from 7% to 7^^. 
He was bothered by the cold and tired too readily. His 
blood pressure was 92/70. The testes were normal in 
size but soft and mushy. The prostate was impalpable. 
There was a scoliosis of the thoracic spine to the left. 

Laboratory: The hemoglobin was 14.5 grams; red 
blood cells 4.86 million; white blood cells and differential 
normal. Fasting serum cholesterol 178 mgm. per cent. 
Calculated serum sodium 137.1 m.eq. Blood NPN 32 
mgm. per cent. Glucose tolerance tests on 2 occasions, 
with 100 grams of glucose orally, were similar. Fast- 
ing 68 mgm. per cent, % hour 60 mgm. per cent, not 
rising above 80 mgm. per cent. Kline blood test nega- 
tive. 

Course: The patient was followed in the clinic with 
little change. He was readmitted in April 1942 for a 
trial on methyl testosterone. 

2d Admission, Ward G Met. April 30 to July 7, 1942. 

The chief symptoms were still muscle weakness, in- 
ability to lift heavy objects or run up a flight of stairs, 
dyspnea on 2 flights of stairs, and constant sense of 
fatigue. He shaved once a week. There had been no 
ejaculation since the onset of the present illness though 
an erection occurred about once a week. There was no 
libido. Cramps in the muscles of the fingers and hands 
had been present for the past 7 to 8 months. 

Physical examination was unchanged from the last ad- 
mission and the blood pressure varied between 90/65 to 
100/70. 

Laboratory: Basal metabolic rate was 36 per cent. 
X-ray of skull unchanged. Fasting serum cholesterol 204 
mgm. per cent. Blood sugar 83 mgm. per cent. Blood 
NPN 26 mgm. per cent. Calculated serum sodium 142.8 
m.eq. Serum proteins 6.4 per cent with albumin 4.4 per 
cent and globulin 2.0 per cent. 

Course: The patient was observed for 2 weeks without 
any therapy. During this period, he left the hospital be- 
tween 9 :30 a.m. and 5 :00 p.m. to go to work, taking 
lunch with him from the hospital. He saved his urine 
during this time also. He was then given methyl testo- 
sterone, 20 mgm. 5 times a day, continuing the same 
regime of work and diet, etc. Within 2 weeks, he noted 
increased ability to work and walk stairs, and noted much 
less fatigue. There was, a return of libido and an increase 
in the frequency of erections. After a month of therapy 
(June 17), the prostate had increased to % normal adult 
size. Pubic and axillary hair were growing, but no 
seborrhea was noted. Laboratory findings are recorded 
in Figure 1 and in Tables I and II. The serum protein 
was 6.2 per cent with albumin 4.6 per cent, globulin 1.6 
per cent. For the last 2 weeks of the experiment, the 
patient was then started on an identical placebo pill with- 
out subjective change, except for some decline in strength. 
Three months after \leaving the hospital, December 19, 
1942, while taking methyl testosterone, 10 mgm. 5 times a 
day, he had gained upVo 205 lbs., felt “ the best he ever 


felt in his life,” and contemplated marriage. No seborrhea 
was noted though hair growth continued. The prostate 
was unchanged. 

Case 3. W. L. G. P. P. Married. Male. Age 39 years. 
(Referred through the courtesy of Dr. Paul Shel- 
don.) 

This patient was first seen in October 1941, because of 
declining sexual potency for the past two years. Family 
history revealed the mother to have had diabetes for 
years. His past history was essentially non-contributory 
except for a tonsillectomy at 10 and an operation for a 
deviated nasal septum at 20. The patient had eaten a 
peculiar vegetarian diet between the ages of 13 and 25. 
He felt the diet had insufficient protein. However, he 
underwent a normal puberty from 16 to 18 and had a 
normal sex life including marriage at 27 years of age. 
There were no pregnancies despite efforts. At 25 years 
of age, the patient developed a persistent anemia, later 
diagnosed “pernicious anemia,” for which he had been 
taking feosol, thyroid, and liver, to the present. Two 
years before being seen here, the patient had been to 
Mexico where he had a diarrhea which cleared shortly, 
although his stools were said to continue to show an ex- 
cess of fat. About this time, there was a sudden loss of 
libido with a loss of hair over the body, axillary, and 
pubic regions. After a year and a half, there was a 
sudden loss of vision in the right eye, without headache 
or vomiting. Libido declined to the point where his wife 
threatened a divorce. His weight had fallen 20 lbs., to 
155 lbs. There was a continuous lack of energy. Physi- 
cal examination revealed a very pale man without sexua 
hair, a prostate that could barely be made out, slightly 
soft testes, and eye defects described by Dr. Truman 
Boyes: “An absolute right central and paracentral sco- 
toma, a constriction of the superior nasal field of t ’e 
right eye and nasally of the left eye.” The rest of tie 
examination was negative. B.P. 110/70. 

Laboratory: Hemoglobin was 14.1 grams; red bloo 
cells 4.4 million; white blood cells 6,000 with 49 poy 
morphonuclear cells. The basal metabolic rate was 
per cent. Fasting serum cholesterol was 267 mgm. 
cent. X-ray of skull (Dr. C. Dyke) showed a^ arge 
pituitary fossa, with large frontal sinuses and thinning 
of the dorsum sellae consistent with an adenoma. n 
cose tolerance curve, with 100 grams glucose ora J, 
showed only a slight rise and fall over 3 hours. 

Course: The patient was started on sublingual t« ° 
sterone in propylene glycol and 10 per cent alcoho ( ' 

15 mgm. 3 times a day, from December 13 to Fe ruar 
28, 1942, without appreciable change. On February 
methyl testosterone, 10 mgm. 3 times a day ^7 ' 
was started. Within 3 weeks the patient complmnc 
too frequent erections. He had gained 4 lbs. ^ 
continued on this dosage, except for 1 month on 2 mg 
5 times a day. By June IS, hair was growing ^ ’ 
pubis, and axillae. The basal metabolic rate was ^ ^ 
cent. Fasting serum cholesterol 274 mgm. per cent- 
patient was then returned to 10 mgm. 3 times a 
gust 5, 1942. The patient stated in a letter m 
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blooming good bcaltli, cvco'onc says I look better than 
I c^’er have, and I now weigh 170 lbs." 

Case 4. E. S. P. H. Unit No. 544036. Male. Mar- 
ried. Age 63 years. 

This patient was 63 years old at the time of the pres- 
ent experiment. He had been seen in the Neurological 
Institute, Presbyterian Hospital, and Vanderbilt Qinic 
since April 1928 because of an adenoma of the anterior 
lobe of the pituitary with iD^popituitarism. 

On first admission to the Neurological Institute, April 
12 to April 29, 1938, his diief complaint was blurred vision 
for one year. The family history was irrelevant. His 
past histoiy revealed August hay fever for years, frac- 
tured left leg 9 years ago, pneumonia 5 years ago, varicose 
veins and hemorrhoids S years ago, and small gonads since 
puberty, though no disturbance in sexual function had been 
noted till 5 years ago, when impotence developed. His 
present illness began 1 j’car before admission with head- 
aches and progressive visual disturbances, including di- 
plopia and loss of temporal vision. Ph 3 ’sical examination 
revealed a Frohlich type individual with scant beard, 
female escutcheon, fat breasts and small genitals, the 
testes being approximatelj’ 1X1X1 cm. The only other 
positive findings were pallor of the optic discs and bi- 
temporal hemianopia. The blood pressure was 136/80. 

Laboratory; The basal metabolic rate was 23 per cent. 
X-rays of the skull showed enlargement of the sella 
turcica with atrophy of the posterior clinoids and dorsum 
sellae. X-rays of the optic foramina revealed bilateral 
atrophy consistent with a pituitary' adenoma (Dr. C. 
Dyke). 

Course: The patient received 7 x-ray treatments with 
some improvement in the visual fields. Subsequently, the 
patient had a series of admissions to the Presbyterian 
Hospital and the Neurological Institute. First admission 
to the Presbi-terian Hospital, June 3 to 23, 1938, was for 
lobar pneumonia RLL, organism undetermined. At this 
time, the diagnoses of multiple left renal calculi, prostatic 
calculi, and cystitis were made. The patient was then 
transferred to the Neurological Institute from June 29 
to August 25, 1938, because of progressive loss of vision. 
After a second course of x-ray therapy, a right frontal 
craniotomy with removal of most of a large pituitary 
adenoma was performed by Dr. C. Masson, Julj' 21, 1938. 
A third course of radiotherapy was given shortly after 
discharge from the Hospital. 

Subsequent events were the following admissions to the 
Presbyterian Hospital : September 13 to October 6, 1938, 
for chronic pneumonitis and asthma; April 3 to 20, 1939, 
for an acute right mastoiditis due to hemolytic strepto- 
coccus for which a simple right mastoidectomy was per- 
formed. Erysipelas developed in the wound but patient 
recovered uneventfully after this. A circumcision for 
phimosis was performed January 13, 1941. From October 
16 to November 9, 1941, the patient was admitted to the 
G. U. service, for a left nephrectomy for renal calculus 
and an infected hydronephrosis. In December 1941, the 
patient bumped the unprotected area of his head. He de- 


veloped mental derangement for a few daj-s, requiring 
admission to the Manhattan State Hospital. 

On April 6, 1942, patient was seen in the Vanderbilt 
Qinic regarding admission during methyl testosterone 
therapj'. He refused admission but was willing to be 
followed in the O. P. D. At that time, he weighed 152 
lbs., had been without erections for 10 years, felt tired, 
weak, and below par, but could work as a doorman. Ex- 
amination showed marked pallor of skin, a fev.' axillary 
and pubic hairs, small penis and retractile testes 1X1X1 
cm., but was otherwise negative. 

Laboratory features are recorded in the tables. On 
April 20, methyl testosterone, 10 mgm. 5 times a day, 
was started. When next seen, June 2, he had frequent 
erections, definite libido, “ felt better, stronger ” than in 
years. On examination, the penis was larger, pubic and 
axillary hair was growing, and hair was appearing about 
nipples. The serum cholesterol had fallen and basal 
metabolic rate had risen. Urinary 17-ketosteroids were 
unchanged (Table II). Methyl testosterone was stopped, 
and the patient was not seen until Jul 3 ' 21. At that time 
he wished to restart the drug because of decline in well- 
being. He was restarted on meth 3 'l testosterone 10 mgm. 
5 times a da 3 '. On September 23, he stated he was the 
‘‘best he had been in 3 'ears.’’ He now weighed 184 lbs. 
and boasted of his abilit 3 ' to “ sling trunks," which he 
had been unable to do before. Sexually, his improvement 
was maintained. 
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An abnormal small-intestinal pattern has been 
demonstrated by roentgenologic studies in both 
the tropical and non-tropical varietj’ of sprue (I 
to 3). Generalized hypomotility is obser\'ed, and 
the barium moves along the gut in thick, sausage- 
shaped masses which are separated by intestinal 
areas, apparentl}' in a state of spasm. Many of 
the bowel loops are widely dilated and often con- 
tain considerable gas. At the same time, the mu- 
cosal relief is strikingly altered in that the usual 
markings of the valvulac conniventes are thick- 
ened, widel}' separated, and, in advanced cases, 
completely obliterated. In an admirable review of 
this subject, Golden (4) has, however, reiterated 
the original contention of Snell and Camp (1) that 
the observed changes are not characteristic of 
sprue, but may occur in other chronic defidency 
states and, at times, may appear as the result of 
emotional stresses. 

In 2 patients with sprue, whom rve repeatedly 
intubated over a period of 8 and 13 months, re- 
spectively, the small-intestinal motor activity %vas 
studied by means of the balloon-kymograph 
method, described by Ingelfinger and Abbott (5). 
Of the 2 patients, the first would be considered to 
have the tropical, the second, the non-tropical vari- 
ety of sprue. 

CASE REPORTS 

Case 1, W. Ct a 3^year-oId man, first noticed loose 
stools at the age of 21, shortly after he had been purser 
for 6 months on a boat sailing between New York and 
South America. Since that time, he had suffered from 
intermittent bouts of weight loss, distension, cramps, and 
frequent bow’el movements, consisting of light stools never 
containing blood or pus. In the year before entry to this 
hospital, he had been subjected to 3 ileostomies in an ef- 
fort to relieve his distension and cramps. 

Physical examination on July 18, 1941, revealed an ema. 
ciated individual with extreme hypotonia of the entire 
musculature. A brown pigmentation covered the fore- 
head, cheilosis was present, and the tongue appeared dark 
red and smooth. The abdomen was markedly distended 
and tympanitic. Both a proximal and a distal ileostomy 

^ This study was supported in part by a grant from 
Brewer & Gimpany, Inc., Worcester, Massachusetts. 


opened onto the abdominal wall, which was severely irri- 
tated by the constant discharge of intestinal contents. The 
skin of the legs appeared slightly scaly. 

A biopsy of a mesenteric lymph node and of small- 
intestinal tissue, taken when the ileostomies were closed, 
revealed evidences of chronic inflammation and a brown 
pigment (hemofuscin), diffusely deposited throughout the 
intestinal musculature as well as the lymphoid tissue. 

Case 2. W. J., a 45-year-old man of Portuguese de- 
scent, was discovered to have a severe macrocytic anemia 
and hypocalcemic tetany, 4 years before entry. Although 
he experienced fatigue and weight loss, his bowel move- 
ments were to the best of his knowledge rarely abnormal. 
He had always lived in northern latitudes. Physical ex- 
amination on adrm'ssion revealed a fairly well-developed 
man with flaring of the costal margins, markedly pro- 
truding abdomen, and “clubbing” of the fingers. Tym- 
panites was not striking. 

Results of significant laboratory studies in both these 
cases are listed in Table I. 

RESULTS 

When the record obtained from the jejunum of 
a patient with sprue is compared with a normal 
jejunal record, striking and consistent differences 
are noted (Figure 1 ). Whereas the normal upper 
small intestine prevents the standard balloon from 
filling with more than 10 to 30 cc. of air under 
pressures averaging 20 cm. of water, the gut in 
sprue offers much less resistance to increases in 
the volume of the balloon, even when the pressures 
in the balloon system are below 10 cm. of water. 
In our 2 cases, this lack of intestinal resistance to 
distension was roughly proportional to the severity 
of the disease. Thus, in Case 1, a pressure of 5 to 
9 cm. of water was at times sufficient to inflate the 
balloon wa'th 75 cc. of air. When the standard 
balloon contains this much air, an error is intro- 
duced by the fact that some of the resistance to 
distension is effected by the elasticitj’ of the bal- 
loon itself; but this error does not invalidate the 
results, since it tends to decrease rather than in- 
crease the balloon volume. In Case 2, where the 
patient had less severe manifestations of sprue, 

45 cc. of air was maintained in the balloon by a 
pressure of 10 to 15 cm. of water. 
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Vitamin medication, Case W. C, Unless otherwise noted daily and oral dosages are recorded. 

^ • Said to contain 3 mgm. thiamin hydrochloride, 10 mgm. nicotinic acid amide, 0.5 mgm- riboflavin, 0.450 mgm. 
pyridoxine, and 1.680 mgm. pantothenic acid per cc. 
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The preparations used were said to be water-soluble. t patient was not regular in obtaining this medication. 
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TABLE I 

Results of significant laboratory studies in 2 patients with sprue 



Case 1 

Case 2 

Hematological studies: 

Red blood count (millions) 

2.92 

3.11 

Hemoglobin (grams) 

10.8 

10.1 

Hematocrit (per cent) 

34.8 

33.8 

Mean corpuscular volume (c. u) 

119.0 

109.0 

Mean corpuscular hemoglobin {yy) 

37.3 

32.8 1 

Mean corpuscular hemoglobin concentration (per cent) 

31.3 

30.2 

Reticulocytes (per cent) 

1.5 

1.9 

White blood count 

5,000.0 

8,000.0 

Stools: 

Gross appearance 

Yellow, unformed 

Gray, formed 

Guaiac test 

1 + 

l-h 

Culture 

Parasaccharomyces A 

(No monilia or 

Fat content 

(pathogenic organisms 

Per cent of dried feces 

56.0 

49.0 

Per cent of intake 

80.0 

20.0 

Blood chemistry: 

Total protein (grams per 100 cc.) 

5.4 

7.1 

Albumin (grams per 100 cc.) 

4.6 

3.8 

Globulin (grams per 100 cc.) 

0.8 

3.3 

Calcium (mgm. per 100 cc.) 

8.0 

7.3 

Phosphorus (mgm. per 100 cc.) 

2.0 

2.7 

Cholesterol (mgm. per 100 cc.) 

65.0 

125.0 

Cholesterol esters (mgm. per 100 cc.) 

50.0 

90.0 

Carotenoids (mgm. per 100 cc.) 

less than 0.02 

less than 0.02 

Sodium (milliequivalents) 

140.0 

138.0 

Prothrombin time (per cent of normal) 

30.0 

60.0 

Phosphatase (King-Armstrong units) 

5.0 

10.0 

Glucose tolerance test: 

Fasting level (mgm. per 100 cc.) 

84.0 

110.0 

Peak rise (mgm. per 100 cc.) 

111.0 

90.0 

Vitamin A absorption: 

Fasting level (I.U. per 100 cc. of plasma) 

70.0 

41.0 

Peak rise 

76.0 

53.0 

Pancreatic enzymes in duodenal juices after stimulation with Mecholyl: 

322.0 , 

Amylase (Agren and Lagerlof) 

560.0 

Lipase (Crandall and Cherry) 

18,230.0 

22,560.0 


The record of the normal upper small bowel is 
characterized by large (L) waves and small (S) 
waves, which may occur independently or may be 
superimposed. At the time that our patients were 
first studied, no spontaneous L waves were ob- 
served in Case 1 during 504 minutes of record- 
ing, and none in Case 2 during 57 minutes of 
recording. The S waves, while present and of a 
frequency lying within the normal range of 8 to 
12 per minute, produced smaller excursions than 
are usually seen. 

Although the most striking changes were ob- 
serv’ed in the jejunum, the records of duodenal and 
ileal activity in our patients showed similar devia- 
tions from normal. 


The rate at which the balloon and tube were 
moved along the small intestine was only slightly 
slower than normal and occurred even during the 
period when L waves were not present. 

RESULTS OF THERAPY 

In our advanced case of sprue ( Case 1 ) , therapy 
affected the small-intestinal motor activity but 
slightly. No change at all was brought about by 
the daily parenteral administration of 30 mgm. 
of thiamin hydrochloride for 11 days or by the 
daily ingestion of 1.5 grams of choline hydro- 
chloride for 1 week. Parenteral vitamin B com- 
plex and liver extract (see Table II) produced no 
improvement in the appearance of the intestinal 



Vilaaila A (U3P ooiia) 
Titania D (tJSP nnita) 
Cerit^c teid (ia?ia.) 
Yilanin K (mgnj.) 

TliUain bydfocHoride (ngja.) 
Mcotblcacidfnaa.) 

LiTCr extract (U3P ucita) 


(grains) 

RibofiaTin (mgm.) 

B complex • (cc.) 


July 18, 
2911 to 
August 12, 

mi 

August 12, 
mi to 
October 3, 

mi 

O:tober4, 
mi to 
October 15, 

mi 

October 16, 
mi to 
November 12, 

mi 

25, 093 

ZO.OOO 

15,000 

15.000 

2,500 

5,000 

2,500 

2,509 

75 

75 

75 

75 

1 Lm. 

1 ijn. 

1 

(twice a 
week. Lm.) 

1 

(twice a 
weck.ua.) 

10 Lm. 

6 

30 Lm. 

0 

zoo 

300 

300 

0 

0 

8 

(2 cc. twice a 
week for 13 
doses, Lm.) 

0 

0 

2J5 

0 

0 

0 

' 0 

5 

5 

0 

0 

0 

0 

Sua. 


25.099 

2,500 

75 

1 

(twice a 
week. Lm-) 
0 
0 
5 

(5 cc. Lm.) 


December 20, 
mi to 
January 12, 
1912 

January 23, 
1912 to 
May 1,1942 

lltr 1, 1W3 

to 

June 2. 1942 

June 2 , 1942 
to 

August 1, 1942 

59,009 Lm. 

30.000 

15,000 

30.000 

6,000 

5,000 

2,500 

5,000 

75 

75 

50 

50 


1 

1 

1 

(ptrmA, 

(perwe^ 

(per 2 weeks. 

(per week. 

Lm.) 

un.) 

un.) 

Lm.) 

0 

0 

0 

0 

0 

0 

0 

00 



2} 

2} 

, 

(2j cc. un.) 

. 

(2] cc. Lm.) 

(21 cc. un.) 

(21 ec. 2 times 
a weekLm.) 

0 

0 

0 

0 

0 

0 

0 

3 

2i un. 

21 Lm. 

21 un. 

0 


Vitamin medication, Case W. C. Unless otherw’ise noted daily and oral dosses are recorded. 

^ * Said to contain 3 mgm. thiamin hydrochloride, 10 ragra, nicotinic acid amide, 0.5 ragm. riboflavin, 0.450 mgm. 
pyridoxine, and 1.680 mgm. pantothenic acid per cc. 



Janaary 21, 1942 to 
February 4, 1912 

Febraary 4, 1942 to 
February 27. 1912 

February 27, 3942 to 
March 17. 1912 

Ifarci 17, 1942 to 
April 4, 1942 

April 4, 1942 to 

July 1. 1942 

BrnrePs ycart (^rsm) 

Viliima D (USP units) 

i^tanun K (mTjn.) (oral prtparation) 

IJTer extract (DSP nniU) 

Vitamin A (DSPnnita) 

0 

4,000* 

0 

0 

0 

50 

4,090* 

15* 

0 

0 

0 

4,000* 

0 

0 

50,000 Lm. 

0 

5,090 

0 

0 

39,000 

0 

6,COO 

0 

4to8 

(1 to 2 cc.) every 2 days f 
3'9,000 


yij^rnin medication, Case W- J. Unless other\\*ise noted, daily and oral dosages are recorded. 
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JEJUNAL ACTIVITY AFTER TREATMENT 


AIR 



MIN. 5 10 

Fig. 2. Records of Jejunal Motor Activity in 2 Patients with Sprue After Treatment 
WITH Parenteral Liver Extract and Vitamin B Complex 


records during the early months of treatment ; but the stomatitis, distension, cramps, and diarrhea 
after 8 months, a slight but definite return toward abated almost completely, 

normal was recorded in the duodenum and high In Case 2, treatment with 50 grams of Brewer’s 
jejunum (Figure 2), The mid-jejunum, however, yeast daily for 3% weeks resulted in no change in 

continued to show the same abnormalities which the intestinal record. A record taken after the 

were exhibited before therapy was begun. Al- patient had received 2 to 4 cc. of liver extract 

though the effects of therapy on intestinal motility every other day for 12 weeks showed striking L 

were not remarkable, the clinical results were waves (Figure 2), which in this instance were 

striking in that the patient gained 60 pounds, and associated with rapid advance of the balloon. 

EFFECT OF CHANGING PRESSURES IN THE BALLOON 

(IN C M. OF WATER) 

15 CM. 4 CM. 8 CM. 5 C M. 2 0 C M. 


AIR 

c.c. 



MIN. 5 10 

Fu;. 3. Demonstration That the Small Intestine in Sprue Co.mpp.esses Our Standard Bal- 
i('.iN (50 cc. capacity) When It Contains Only 15 cc. of Air, Provided the Pressure Within 


THE I5Al.l.tK>N Is SmAI.1. 
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EFFECTS OF VARYIKG THE PRESSURES IK THE 
RALLOOK SYSTEM 

The pressures usually luaintained in the balloon 
system (10 to 20 cm. of water) were reduced in 
order to determine whetiier the gut in severe sprue 
is in a constant state of relaxation, or whether the 
intestinal lumen can decrease in diameter if the 
intra-balloon pressures are minimal. As Figure 3 
shows, a ballon inflated under a pressure of 5 cm. 
of water and containing only 15 cc. of air will oc- 
casionally be compressed by the intestinal acti'i'ity. 
At other times, however, only respiratorj- move- 
ments can be recorded under similar conditions. 

EFFECTS OF DRUGS 

The effects of prosligmine (0.5 mgm. subcuta- 
neously), posterior-pituitary solution (20 units 
subcutaneously) , and acetyl-beta-methylcholine 
cbloride (10 mgm. subcutaneously) in Case 1 are 
shown in Figure 4. Each of these drugs was used 

EFFECT OF SOL, POST. PITUITARY 


twice and the results can be summarized by sayang 
that acetyl-beta-methylcholine stimulated, whereas 
prostigmine and posterior-pituitaiy’ solution did 
not affect the motor actirity of the small intestine. 
The posterior-pituitary' solution was, howe%'er, 
most effective in promoting the expulsion of gas 
and material from the large bowel, whose con- 
tinuity witii the small gut had been interrupted by 
an ileostomy', Deso.xycorticosterone (5 mgm. in- 
tramuscularly on each of 3 consecutive days) pro- 
duced no change in the small-intestinal motor ac- 
tirity, nor did 10 cc. of an aqueous extract of the 
adrenal corte,x when given intramuscularly on 
each of 2 days. 

In Case 2, prostigmine (0.5 mgm. subcutane- 
ously') changed the control record only slightly, 
whereas acetyl-beta-methylcholine (10 mgm. sub- 
cutaneously) reduced the average balloon volume 
from 47 to 35 cc. In effecting this increase in the 
intestinal resistance to distension by the balloon, 

I CC. (20 UNITS) S. C. 


AIR 



I .1 I I. I. ■ J 

25 


EFFECT OF ACETYL BETA M E T H YLC HO LI N E 10 MG- S- C. 



EFFECT OF PROSTIGMIN 0.5MG. S. C. 



MIN. 5 10 15 

Fig. 4. Effeci of Drugs ox the Shall-Ixtestixal Motor AcnviTi' ix a Sei-ere Case of Sprue 
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acetyl-beta-methylchoHne produced an almost nor- 
mal intestinal record for a period of 28 minutes. 

In both patients, the effects of acetyl-beta-meth- 
ylcholine on the intestinal record appeared 1 to 2 
minutes after other effects of the drug, but per- 
sisted for 1 5 to 20 minutes after the profuse sweat- 
ing and general feeling of discomfort had subsided. 

DISCUSSION 

Balloon records of intestinal motor activity are 
of significance only if correctly used and inter- 
preted with due regard to the limitations of the 
method. There may be some question whether the 
presence of any balloon and tube in the intestines 
is physiologic ; but if the diameter of the distended 
balloon exceeds the usual diameter of the gut, or 
if the balloon system produces intestinal obstruc- 
tion by being anchored in one area — errors which 
are often encountered in the literature — the rec- 
ords can certainly not be considered indicative of 
normal intestinal activity. Further errors may be 
introduced by using large balloons in an organ of 
irregular outlines (such as the stomach), where a 
symmetrical balloon may at one time be affected 
by the actual intraluminal pressure of the organ, 
while at other times it is compressed by the walls 
of the hollow viscus. Furthermore, as Quigley 
and his associates (6) have pointed out, the large 
balloons usually employed, whether elastic or of 
relatively fixed volume, do not measure intra- 
luminal pressure, but merely indicate intestinal 
activity by changes in the volume or the pressure 
within the balloon. 

In our experiments, we have used an elastic bal- 
loon which can accommodate itself to changes in 
the intestinal lumen. This balloon is kept as 
closely as possible to a standard size so that it 
contains 50 cc. when filled, but not distended, with 
air. In this state, its diameter measures 3.5 cm. 
The balloon is inflated by pressures ranging usu- 
ally from 10 to 20 cm. of water. These pressures 
arc within the range of normal intra-intestinal 
pressures (6, 7). The balloon and attached tube 
are allowed to advance in accordance with intes- 
tinal activity by keeping plenty of slack in the 
stomach. Fluoroscopy is used to check the posi- 
tion of the tube. 

The small-inte.^tinal records obtained by this 
method sh.ow th.at the volume of the balloon in 2 


patients with sprue is 2 to 3 times greater than 
when the balloon is inflated under similar pres- 
sures in the normal gut. The intestine in sprue 
can then be considered to lack tone, in the sense 
that the normal resistance to distension by in- 
testinal contents is greatly diminished. This lack 
of tone is, so far as can be told from observation 
on only 2 cases, roughly proportional to the clini- 
cal severity of the disease. 

The configuration of the S and L waves in the 
normal small intestine roughly corresponds to the 
Type I and Type II waves described in the human 
colon by Adler, Atkinson, and Ivy (8), although 
the frequency of the small waves in the small 
bowel appears to be greater than that in the colon. 
In our patients with sprue, L waves were con- 
spicuously absent for long periods of time. When 
the balloons were inflated under slight pressures, 
however, or after stimulation with Mecholyl, or 
after a period of treatment, L waves were re- 
corded. We may thus assume that L waves can 
occur in sprue under certain conditions, although 
their appearance is intermittent, and the intervals 
between their appearance may be lengthy. Since 
the L waves are most effective in advancing the 
balloon system and the intestinal contents trapped 
behind it, their intermittent appearance in a bowel 
lacking tone may account for the sausage-like 
clumping of barium sulfate observed in roentgeno- 
logical studies of the bowel in sprue. 

The S waves appear to occur in sprue as in 
the normal gut. Although comparable to the Type 
I waves seen in the colon, we do not believe that 
the S waves can be called non-propulsive, for the 
balloon can advance in the intestine even when L 
waves are not observed, and, as has been noted 
(5, 9), the S waves in the small intestine appear 
to travel down the gut. 

Pendergrass and his associates (10) found 
that the roentgenologic appearance of the small 
intestine was altered by an olive-oil meal to such 
an extent that the pattern might be mistaken for 
that seen in steatorrhea. This finding led Snell 
(11) to suggest that possibly malabsorption of fat 
is the sole responsible factor in the production of 
the roentgenologic changes seen in sprue. So 
far as our records are concerned, however, this 
possibility can be dismissed, since our tracings 
were taken in intestinal segments empty of ah 
food residues. Preliminary' observations in sub- 
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:cts with no gastrointestinal disease have also 
lio\%Ti that the intra-enteric injection of olive oil 
laj- alter some of the motor activity of the small 
owel, but never to the extent that the resultant 
hanges might be confused with sprue. 

Our records show that therapy with vitamins, 
particularly the B complex, may be followed by 
larked clinical improvement without correspond- 
ngly great changes toward normal in the tracings 
if intestinal motility. This observation differs 
rom the roentgenologic findings of Snell (11) 
.nd of Miller and Rhoads (12), who noted marked 
mprovement in the appearance of the small in- 
estine after 4 days of treatment with liver extract, 
)ut it corresponds to the experience of Golden 
'4), who “has not seen this [that is, a complete 
■etum to normal] happen in a case of well-de- 
.•eloped steatorrhea.” In all likelihood, both the 
legree and the duration of the patient’s illness de- 
ermine whether or not therapy will be effective in 
•estoring intestinal motor activnty to normal. 

In the normal small intestine, prostigmine in- 
xeases the intestinal tone (as defined previously) 
ind the frequency of the L waves (13). In our 
patients with sprue, prostigmine had little effect. 
A.cet>d-beta-methylcholine chloride, on the other 
hand, appeared to stimulate intestinal motility in 
sprue as it does in normal indmduals ( 14) . Pros- 
tigmine is said to exert its cholinergic effect by 
inhibiting the choline esterase which normally 
destroys acetylcholine, whereas acetyl-beta-methyl- 
choline chloride acts directly on the effector cells, 
as does acetylcholine (15). In view of these 
facts, our observations suggest that the primary 
defect in sprue is the inability of the intestinal 
autonomic nervous system to liberate acetylcho- 
line. This hypothesis would explain the ineffec- 
tiveness of prostigpnine, for the inhibition of 
choline esterase would increase intestinal motility 
only if acetylcholine were being produced. It is 
also consistent with the damage to the intramural 
nerve cells which Golden (4) has described. 

A posterior-pituitary preparation (pitressin) 
was found by Elsom, Glenn, and Drossner (16) 
to increase the intestinal motor activity, particu- 
larly peristalsis. This effect vvas more pro- 
nounced in the more distal portion of the gut. 
Until the action of principles from the posterior- 
pituitary preparation upon the intestines is more 
fully understood, we cannot make any deductions 


from the fact that these principles failed to affect 
the small gut of 1 patient with severe sprue. 

SUMMARY 

Records of the small-intestinal motor activity 
were repeatedly taken in 2 patients with sprue. 

These records show that the gut in sprue lacks 
the usual resistance to distension exhibited by the 
normal intestine, that L waves are only inter- 
mittently present, and that S waves tend to be of 
small amplitude. 

Treatment over short periods of time with in- 
dividual fractions of the vitamin B complex pro- 
duced little change in the tracings. Prolonged 
treatment with whole \dtamin B complex pro- 
duced some improvement in the records, but this 
improvement was not commensurate with the 
clinical results obtained. 

Injections of acetyl-beta-methylcholine chloride 
stimulated the intestinal motility in our patients, 
but prostigmine was without effect. In 1 pa- 
tient, posterior-pituitary solution, adrenal-cortical 
extract, and desoxycorticosterone produced no 
changes. These observ'ations suggest that in sprue 
the nerv'ous apparatus of the small intestine fails 
to liberate active acetylcholine. 
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Since the early part of this centurj’, the litera- 
ture dealing with the meningococcus and meningo- 
coccal infection has included intensive studies of 
the clinical, laboratory, and epidemiological as- 
pects of the subject (1). Much of this early 
work was carried out during and after the last 
war, under the combined stimulus of wartime epi- 
demics and the development of serum therapy. 
There followed a period of several years during 
which epidemics of meningococcal meningitis were 
uncommon, and investigations of the organism 
were limited to a comparatively few laboratories. 
In recent years, particularly since the advent of 
the present war, general interest in meningococcal 
infection has been reawakened and its potential 
importance among the infectious diseases has re- 
ceived new appreciation. 

Despite extensive work with the meningococ- 
cus, many fundamental problems remain un- 
solved. Little is known, for example, regarding 
the nature of the factors which lead to the de- 
velopment of meningitis, to meningococcemia 
without meningitis, to the symptomless carrier 
state, and to no infection whatever. Much also 
remains to be learned regarding the specific bio- 
logical characteristics which determine the patho- 
genicity of meningococci, the means by which the 
infected host is enabled to combat infection, the 
mechanism of natural immunity to the meningo- 
coccus, and the mechanism and durability of ac- 
quired immunity. The eventual solution of such 
problems will require a considerable amount of 
new data, which can only be obtained and cor- 
related through clinical, bacteriological, immuno- 
logical, and epidemiological methods of investiga- 
tion. 

In the hope of contributing further information 
in these directions, concurrent studies employing 
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these methods have been undertaken in a group 
of 42 cases of epidemic and endemic meningococ- 
cal infection. Both organisms and sera were 
available for study from most of these cases. 
Some were sporadic cases in the city of Boston, 
while others were seen during an epidemic of 
meningococcal meningitis in Halifax, Nova Scotia. 
Certain clinical and epidemiological aspects of the 
epidemic cases have already been reported (2, 3), 
and a more detailed study of the other cases toU 
be the subject of a later report. All degrees of 
severity of illness were observed, ranging from 
mild, almost abortive infections, to the most ful- 
minating type. In the majority of cases, the 
disease was moderately severe. All except 6 of 
the patients were adults. Two of the patients 
died; the rest recovered without any permanent 
sequelae. Most of the patients responded 
promptly to chemotherapy with either sulfadia- 
zine or sulfapyridine. The temperature dropped 
during the first 2 or 3 days and symptomatic 
recovery occurred by the end of the first week. 
Only 3 of the patients were treated with thera- 
peutic antiserum in addition to chemotherapy. 
In addition to these 42 cases, 15 carriers of menin- 
gococci and 60 normal contacts have also been 
studied. 

The present report is concerned vdth the results 
of bacteriological investigation of this material; 
the immunological aspects have been considered 
separately (4, 5). The purposes of the bacterio- 
logical study have been ( 1 ) to examine certain 
general characteristics of all the strains of menin- 
gococci isolated, such as serological reactions, 
morphology, virulence for mice, and survival or 
gro^vth in fresh normal serum, and (2) to com- 
pare, on the basis of these characteristics, the or- 
ganisms isolated from the cerebrospinal fluid of 
cases and those from the nasopharynx of cases 
and carriers. 
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METHODS 

Thirty-nine strains of meningococci have been investi- 
gated, of which 25 were isolated during the Halifax epi- 
demic and 14 were obtained in Boston; 20 of these 39 
strains were from the cerebrospinal fluid of cases, 4 from 
the nasopharynx of cases, and 15 from the nasopharynx 
of contact carriers. 

The meningococci from the cerebrospinal fluid and naso- 
pharynx were isolated either on casein-hydrolysate-starch 
agar (6) or on blood agar, employing a candle jar. Blood 
cultures were made in beef-heart infusion broth. When 
cultures from the patients were made after chemotherapy 
had been instituted, para-aminobenzoic acid was added to 
the media (7, 8). 

As soon as each organism had been identified and typed, 
a 6-hour growth was suspended in milk and stored in a 
number of sealed tubes in a carbon dioxide-ice chamber. 
No more than 4 subcultures of any strain were made be- 
tween the time of isolation and final storage. For the 
subsequent bacteriological studies, these stored organisms 
were cultured directly on solid media, then transferred 
once or twice before use; in a few instances, virulence 
titrations were made with freshly isolated strains before 
storage. In all of the tests, cultures grown for no more 
than 6 hours were used. 

The following procedures were employed : 

1. The organisms were grouped by means of aggluitm- 
tiou in, standard grouping sera; readings were made after 
2 hours at 37.5° C. and 18 hours in the icebox. The 
meningococci have been designated as Group I (Types I 
and III of Gordon and Murray (9)) and Group II 
(Types II and IV). Also classed in Group II were a 
number of “ atypical ” carrier strains ; these organisms 
fulfilled the cultural, morphological, and fermentative 
criteria for meningococci but typing by agglutination was 
inconclusive. Confirmation of the typing of the Groups 
I and II organisms was obtained through the kindness of 
Dr. Sara E. Branham, to whom samples of most of the 
strains were sent shortly after isolation. 

2. Quclhmg (10) in specific antisera was used as an 
adjunct to grouping by agglutination. 

3. Fcrmcntaiion reactions were determined on agar 
media containing glucose, maltose, lactose, or sucrose. 
Solid media, containing phenol red as an indicator, were 
used. 

4. Observations of the colonial and microscopic mor- 
phology of each strain were made and recorded. 

5. The oxidase test (11) with para-aminophenylenc- 
diarninc was performed with all strains. 

6. The 7-irittence of each strain for mice was deter- 
mined by the use of nnicin. A single lot of mucin, which 
had been found to be satisfactory in preliminary titrations, 
was used in testing all the strains. A 3 per cent suspen- 
sion in distilled water was prepared by mixing in a 
Waring B lender. Tliis mi.xture was then autoclaved for 
15 minutes at 15 pounds pressure, and the reaction ad- 
justcsl to pH 7.4. Fresh suspensions of mucin were pre- 
pareel every 2 or 3 days. 


The organisms were grown for 6 hours on serum- 
dextrose agar slants, then washed from the surface of the 
medium with beef-infusion broth and suspended in enough 
broth so that approximately 1,000,000,000 organisms were 
contained in each milliliter of suspension. The turbidity 
of the final suspension was kept as nearly the same as pos- 
sible for all of the organisms by the use of a photoelectric 
turbidometer. Serial dilutions from 10'* to lO"® were made 
in broth. Plate counts of the 10'® to lO”® dilutions were 
made in triplicate, by spreading 0.1 ml. of the broth uni- 
formly over the surface of a blood-agar plate. Although 
the experimental error inherent in this method is granted, 
triplicate plate counts were found to check with fair con- 
sistency, averaging 100 colonies from 0.1 ml. of the lO"® 
dilution. Although the assumption has been made for pur- 
poses of tabulation that each colony represents a single 
organism, it is realized that a colony may result from the 
growth of one or more organisms. 

For the injection of mice, each broth dilution of 10*’ and 
beyond was diluted 1 ! 10 in mucin, so that final dilutions 
of lO"® to lO"® were obtained. These 6 dilutions were in- 
jected intraperitoneally into mice, in 1 ml. amounts. Six 
mice were used for each dilution. White Swiss mice from 
a single breed, weighing between 14 and 16 grams, were 
used in all of the titrations. 

Four strains of meningococci were tested each day; 
these included 3 strains of unknown virulence and 1 viru- 
lent strain which was selected as a standard control for 
all of the titrations. The mice were observed for 72 hours 
after injection, although in most instances the fatalities 
occurred within 36 hours. Cultures of the heart’s blood 
were made from at least half of the mice dying in each 
titration and, with rare exceptions, these were always 
positive for the meningococcus. The 50 per cent end- 
point for each titration was calculated by the method of 
Reed and Muench (12). 

7. The ability to survive or to groiu in fresh normal 
human scrum was determined with 27 strains of meningo- 
cocci from cases and carriers. These tests were made 
with the serum of a healthy adult male having a history 
of no previous meningococcal infection. Tenfold dilutions 
of young cultures of the organisms in broth were pre- 
pared, from 10'’ to lO"®, and 0.05 ml. of each dilution was 
added to 0.25 ml. of serum diluted 1:2, in small glass 
tubes. The tubes were then scaled and rotated in the 
incubator for 20 hours, after which they were opened and 
cultures from each tube were made on the surface of a 
blood-agar plate. The original dilutions of the organisms 
were prepared so that the lO"* dilution contained approxi- 
mately 50 organisms in 0.05 ml. 

RESULTS 

1. Grouping. The distribution of specific 
groups among the Boston and Halifax cases and 
carriers is shown in Table I. In the Halifax 
epidemic, all of the strains from cases were 
Group I, 3 carrier strains were Group I, and 10 
carrier strains were Group IT, or atypical men- 
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TABLE I 

Distribulton of specific froups in Halifax (epidemic) and 
Boston (eniemic) strains of meningococci 


Source 

Halifax itralns 

Boston ilrains 

I 

ii 

I 

II 

Cerebrospinal fluid of cases 

9 

0 

6 

5 

NasopharjTix of cases 

3 

0 

1 

0 

Nasophar>'nx of carriers 

3 

1 

iO 

1 

2 

0 


I'ngococci. In the Boston endemic cases, 7 strains 
were Group I and 5 were Group II. Tlie 2 
Boston carrier strains were Group I. 

2. The quclluitg reaction was found to be of 
considerable \*alue in the rapid grouping of fresh 
Group I meningococci. All of the strains which 
proved by agglutination to be Group I also ex- 
hibited capsular swelling in specific antisera when 
young cultures were used. It was found that this 
reaction could be enhanced to a notable degree if 
a small inoculum of organisms was allowed to 
grow for a few hours in heat-inactivated rabbit 
antiserum ; by this method cultures grown for as 
long as 48 hours could be induced to show quel- 
lung after less than 4 hours’ incubation in the 
antiserum. No quellung was observ'ed with anj’’ 
of the Group II strains, although they were tested 
in several different lots of Group II antiserum. 

3. Fermentation reactions. All of the strains 
produced fermentation of glucose and maltose, and 
failed to ferment sucrose or lactose. 

4. Morphology. The colonial and microscopic 
morphology was similar in all of the Group I 
and Group II strains from cases, conforming to 
the classic descriptions of the meningococcus. 


TABLE n 

Mucin virulence of meningococci for mice 


Source of (train 

Group 

Num- 
ber of 
strains 

Number of meningococci 

1- 

100 

ioi- 

1 500 

501- 

1000 

1001- 

10.000 

Over 

10,000 

Cerebrospinal 

I 

IS 

9» 

2 

2 

1 

1 

fluid 

II 

5 

2 

1 


1 

1 


Cases 

I 

4 

1 

2 

1 



Naso- 

pharynx 


II 

0 















Car- 

I 

s 

4 

1 





riers 

II 

10 



1 

3 

6 


* The figures refer to the itumbers of strains giving a 
50 per cent end-point with the number of meningococci 
designated. 


The colonies of 6 of the group II carrier strains 
from Halifax were smaller than usual on horse 
blood infusion-agar plates, and 2 of these had a 
faint yellowish pigmentation in older cultures. 

5. Oxidase test. The colonies of all strains 
gave positive results w'ith this test. 

6. Virulence. The results of virulence titra- 
tions, expressed as the number of organisms con- 
stituting 50 per cent end-points, are shown in 
Table II. Strains with titers of 100 organisms 
or less are considered to be highly virulent. End- 
points of more than 1000 indicate moderate or 
questionable ^drulence, and those over 10,000 are 
assumed to be avirulent. 

The Group I organisms, from both sporadic 
and epidemic cases, with 2 exceptions, were viru- 
lent. The exceptions were 2 strains of organ- 
isms of relatively low virulence from 2 sporadic 
cases in Boston. In such a small series of cases, 
this difference is of only speculative interest. The 
nasophaiy-ngeal strains of Group I, whether de- 
rived from cases or carriers, were quite as vindent 
as the cerebrospinal fluid strains. Furthermore, 
in 3 cases from which both cerebrospinal fluid and 
nasopharjmgeal organisms were isolated, no strik- 
ing difference between the hvo strains was found. 
The titers of these strains are shown in Table 
III. Although in the case of J. C. there is ap- 

TABLE III 

Comparison of mouse virulence of strains of Group I 
meningococci from the cerebrospinal fluid and 
nasopharynx of the same individuals 


Number of organisms giving 
50 per cent mortality 


Case 

Cerebrospinal 
fluid strain 

N asopharyngeal 
strain 

J. M. 

7 

10 

B. R. 

147 

275 

J.C. 

11 

352 


parently considerable difference between the end- 
points for the nasopharyngeal and cerebrospinal 
fluid strains, the method of titrating rirulence is 
probably not accurate enough to make this dif- 
ference significant. 

The few Group II strains from cases showed 
no striking differences from the Group I strains, 
as may be seen in Table II. Three were highly 
virulent, 1 was moderately virulent, and 1 was 
avir^ent. In contrast, 9 of the 10 Group II 
earner strains were of low virulence. 
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There was no correlation between virulence of 
the organisms, as determined by this method, and 
severity of the disease in patients from whom the 
organisms were isolated. The mildest case in the 
series, almost lacking in subjective symptoms, 
possessed one of the most virulent organisms, 
while another patient with extreme prostration 
and a stormy clinical course yielded an organism 
which was almost avirulent by mouse titration. 

The storage of meningococci in the frozen state 
did not affect their virulence for mice. Several 
strains were tested after 8 months of storage and 
were found to be of the same order of virulence 
as at the time of original isolation. In contrast, 
two strains which had been maintained on blood 
agar for several months underwent a pronounced 
diminution in virulence. This diminution was 
accompanied by loss of the property of capsular 
swelling in specific antisera. 

7. Sm'vival or growth in fresh normal human 
serum. A wide variation was observed in the 
ability of different strains of meningococci to sur- 
vive or to grow in fresh normal serum from a 
single individual. This property was not related 
to the virulence of the organisms for mice, nor to 
the specific group of the strain. The results with 
12 strains isolated from cases of meningitis are 
shown in Table IV. It may be seen that all de- 
grees of survival were exhibited by strains of the 
same mouse virulence and of the same group. 
The least virulent strain (Lu) and the most viru- 
lent strain (Number 4), for example, possessed 


TADLE IV 

Ability of meningococci to survive in fresh, normal human 
serum in 1:2 dilution 


Strain 

Group 

Virulence * 

1 Dilution of organisms t 

lO-i 1 

io-« 1 

10'> 1 

10-* 

1 

io-» 

lO-* 

2 

I 

10 

+ 

4- 

0 

0 

0 

0 

30 

I 

43 

0 

0 

0 

0 

0 

0 

21 

I 

7 

-f 

4- 

4- 

4- 

+ 

4- 

4 

I 

1 

-h 

4- 

+ 

4- 

4- 

4- 

Lu 

I 1 

>10,000 1 

+ 

4- 

4- 


4- 

4- 

Do 

I 

6 

+ 

4- 

0 

0 

0 

0 

S 

I 

275 1 

+ 

4- 

4- 

0 

0 

0 

Ro 

I 

1200 

4- 

4- 

4- 

+ 

+ 

+ 

Cz 

11 

IS 

+ 

4- 

4- 

4- 

0 

0 

Me 

II 

SO 

-h 

+ 

0 

0 

0 

0 

Deo 

II 

500 j 


4 - 

4- 

4- 

+ 

4- 

Gi 

II 

9000 ! 

+ 


6 

0 

0 

0 


• Virulence expressed as number of organisms producing 
50 ptT n.TU rnortalit}’ in mice, employing mucin, 
i 10*^ 50 organisms in 0.05 ml. 


equal ability to survive. On the other hand, 2 
strains which failed to survive (Number 2 and Gi) 
had virulence titers of 10 and 9000, respectively. 
A similar variation was encountered among the 
other strains tested, in which were included 10 
Group II carrier organisms of low virulence for 
mice. Some of the latter strains grew in the high- 
est dilutions, while others failed to survive in any 
dilution. 

When the nasopharyngeal and cerebrospinal 
fluid strains from 3 cases of Group I infection 
were compared, it was found that the nasopharyn- 
geal strains were somewhat less able to survive in 
each instance (Table V). It should be noted, 

TABLE V 


Comparison of the survival or growth in fresh, normal human 
serum of strains of Group I meningococci from cerebro- 
spinal fluid and nasopharynx of the same individuals 





Dilution of organism * 


Case 

Source of strain 









10-1 

io-» 

10-1 

io-< 

10-1 

io-« 

J. M. 

Cerebrospinal fluid 

+ 

+ 

4- 

4- 

+ 

4- 


Nasopharynx 

+ 1 

+ 1 

4- 

+ 1 

0 

0 

B. R. 

Cerebrospinal fluid 

4- 

4- 

4- 

4- 

4- 

0 


^ Nasopharynx 

+ 

4- 

4- 

0 

0 

0 

J. c. 

Cerebrospinal fluid 

+ 

4- 

4- 

4- 

4- 

4- 


Nasopharynx 

4- 

4- 

4- 

+ 

4- 

0 


* 10'^ = 50 organisms in 0.05 ml. 


however, that the differences were relatively small 
as compared with the degree of variation among 
cerebrospinal fluid strains from other cases. 

DISCUSSION 

The bacteriological study of 39 strains of men- 
ingococci isolated under both epidemic and en- 
demic conditions has revealed several points of 
interest. During the Halifax epidemic (2, 3), 
there were 93 cases within a period of 6 months. 
Unfortunately, the strains from all of these cases 
were not available for examination, but of the 12 
strains tested in this laboratory, all were found to 
be Group I meningococci. Of the sporadic cases 
in Boston, 6 were due to Group I strains and 5 to 
Group II strains. 

Single nasophaiyngeal cultures of 60 contacts 
of 17 epidemic cases of meningitis yielded 3 
Group I strains and 10 Group II strains. All 
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but 1 of ibc Group II carriers were found in a 
single household, comprising 17 members. No 
Group I carriers were found in this household. 
The observed incidence of Group I carriers in 
Halifax was low (5 per cent), possibly because 
only 1 culture was taken from each contact, and 
may not be indicative of the true carrier situation. 
Group I strains were isolated from the naso- 
phaiA'nx of 2 contacts of an endemic case of men- 
ingitis due to a Group I organism. 

The morpholog}.', fennentations, and oxidase 
reactions of these strains were found to be similar, 
regardless of their source and group. Minor dif- 
ferences in size of colonies were noted in 6 Group 
II carrier strains, and slight pigmentation de- 
veloped with 2 of these strains. 

The quellung reaction was found to be a reliable 
and satisfactorj' method of identifying the Group 
I strains, and in everj' instance was confirmed by 
the agglutination technique. It was also noted 
that the capsular reaction could be enhanced by 
permitting the organisms, before they were stained 
for examination, to grow for from 2 to 4 hours in 
rabbit antiserum, inactivated by heat. This pro- 
cedure offers obvious advantages in grouping 
strains from the cerebrospinal fluid of patients. 
Another group of meningococci, termed II A 

(13) , can be identified by the quellung reaction. 
Thus far, capsular swelling has not been described 
with the other, probably heterogeneous, strains 
comprising Group II. 

Prior to the introduction of the use of mucin 
in virulence tests of the meningococcus by Miller 

(14) , the estimation of virulence in mice required 
massive doses of organisms and the results did 
not permit easy and dependable comparisons be- 
tween strains on a quantitative basis. With the 
use of mucin, relatively quantitative comparisons 
have become possible, and a number of workers 
have studied the virulence of different groups of 
meningococci, from cases, contact carriers, and 
non-contact carriers. If the virulence for mice 
could be taken as an index of pathogenicity for 
man, then differences of considerable degree might 
be expected in such comparisons. 

Rake (15), in an extensive study of carrier 
strains of meningococci, found Group I strains 
to be of high virulence. Group II strains less viru- 
lent, and atypical strains very low in virulence. 


In his experience, carrier strains of an}' given 
type tended to be of somewhat lower virulence 
than case strains of the same type. Silverthorne 
and his co-workers (16) reported that 90 per cent 
of the meningococci isolated from cases and con- 
tact carriers were virulent, while the majority of 
.strains from non-contact carriers were avirulent. 
Most of the organisms studied by Silverthorne 
were Group II (75 out of 79). The Group II 
strains from carriers in the present studies were 
found to be non-virulent, but since these carriers 
were encountered during an epidemic of Group I 
meningococcal meningitis it seems reasonable to 
regard them as non-contact carriers. On the 
other hand, the Group I carrier strains were from 
contact carriers and were of the same virulence as 
the Group I strains from cases. 

If mouse virulence indicates pathogenicity for 
man, these results would suggest that during epi- 
demics, carriers are in some manner protected 
against the virulent organisms which they harbor, 
while non-contact carriers may have organisms 
which are simply accidental saprophjtes, lacking 
in potential infectivity. In the paper following 
(4), it will be shown that Group I contact carriers 
possess relatively high titers of specific agglu- 
tinins, which are lacking in the sera of Group II 
carriers. 

It has not yet been shown, however, that the 
mouse-virulence test actually constitutes a meas- 
ure of pathogenicity for man. On theoretical 
grounds, the ability of a strain of meningococcus 
to survive or grow in normal human serum might 
also be taken as an indication of potential inva- 
siveness, yet in this investigation the results of 
the two tests are at complete variance. It is con- 
ceivable that in both tests the results are deter- 
mined by certain unrelated properties of the 
organisms which may contribute to the initiation 
of infection in man, but the problem is still un- 
solved. The ability of an organism to survive in 
a given normal serum will, of course, depend on 
the bactericidal action of that serum, which may 
or maj'’ not be due to specific antibodies. Varia- 
tions beUveen sera from different individuals 
would therefore be expected. Some property in- 
herent in the organism, however, must be respon- 
sible for the observed results with different strains 
in the same serum. It is perhaps significant that 
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with strains from cases of meningitis, no direct 
correlation could be noted between either mouse 
virulence or survival in a single normal human 
serum and the severity of the clinical infection, 
the epidemic or endemic origin, or the serological 
group. There was also no apparent correlation 
between mouse virulence and source of the cul- 
ture. Nasopharyngeal strains from 3 cases of 
meningitis, however, were somewhat less able to 
survive or grow in fresh normal human serum 
than were the cerebrospinal fluid strains from the 
same patients. Further study is necessary to 
determine whether or not this observation is of 
significance. 

SUMMARY 

1. Twelve strains of Group I meningococci 
were isolated from cases during an epidemic of 
meningitis. Seven Group I and 5 Group II 
strains were isolated from endemic cases. Naso- 
pharyngeal cultures of a group of contacts in the 
epidemic area yielded 3 Group I strains and 10 
Group II or atypical strains. Group I strains 
were isolated from 2 contacts of a sporadic case 
of Group I infection. 

2. Quellung in specific antiserum was a satis- 
factory method for the rapid identification of 
Group I strains, and agreed in every instance with 
typing by agglutination. Quellung was found to 
be enhanced by culturing the organisms in specific 
antiserum for several hours. This reaction was 
not observed with the Group II strains. 

3. The morphology, fermentations, and oxidase 
reaction were typical of meningococci in all of the 
39 strains studied. 

4. All except 2 of the Group I strains displayed 
a high virulence for mice. There was no sig- 
nificant difference between the virulence of naso- 
phatjuigcal and cerebrospinal fluid strains of 
Group I, between the Group I strains from cases 
and contact carriers, nor between the Group I 
strains from epidemic and sporadic cases. 

5. Three of the 5 Group II strains from the 
cerebrospinal fluids of cases were highly virulent 
for mice, while 2 were of low virulence. In con- 
trast, all of the carrier strains of Group II or 
atypical meningococci were of low virulence ; these 
strains may represent non-contact carrier organ- 
isms, siticc they were isolated during a Group I 
epidemic. 


6. No correlation was observed between the 
mouse virulence of strains from the cerebrospinal 
fluid of patients and the severity of the disease. 

7. Wide variation was found in the ability of 
different strains of meningococci to survive or 
grow in fresh, normal, human serum, and no cor- 
relation was seen between the degree of survival 
and either the specific group of the organism or its 
virulence for mice. The nasopharyngeal strains 
of 3 cases were somewhat less able to survive than 
the cerebrospinal fluid strains from the same in- 
dividuals. 

The authors are indebted to Mrs. Muriel B. Stone and 
Miss Mary Glover for technical assistance. 

Certain of the strains of meningococci and sera of pa- 
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The development of specific antibodies in hu- 
man beings during recover}’ from meningococcal 
infection has been studied by a number of work- 
ers, who have employed a variety of methods, in- 
cluding agglutination ( 1 to 4) , the opsonic reaction 
(5, 6), complement-fixation (7, 8), the bacteri- 
cidal test (9, 10), and the mouse-protection test 
(11). Although immune bodies have been dem- 
onstrated with each of these tests during con- 
valescence in some patients, the various reports 
show considerable irregularity in the results, 
especially with regard to the development of ag- 
glutinins and bactericidal antibodies. This irregu- 
larity may be due in part to differences between 
strains of meningococci used in the tests in dif- 
ferent laboratories, as well as to differences in 
techniques. In some of the earlier investigations, 
the results were further modified by the use, in the 
majority of cases, of therapeutic antiserum. The 
nature of the immune response to meningococcal 
infection has therefore remained an unclarified 
problem. 

It seemed possible that certain useful informa- 
tion might be secured by reinvestigating this prob- 
lem in a group of patients, carriers, and normal 
contacts, by the concurrent use of a number of 
different methods for the estimation of specific 
antibody. The present study was undertaken in 
order to determine (I) to what extent and at 
what time, antibodies are produced following men- 
ingococcal infection; (2) by what serological tests 
such antibodies may most consistently be demon- 
strated; (3) what correlation, if any, exists be- 
tween the development of antibodies and such fac- 
tors as the severity of infection, the rapidity of 
recovery, or the biological characteristics of the 
infecting organism; and (■#) what levels of anti- 

* This study was aided in part by a grant from the Wil- 
liam W. Wellington Iifemorial Research Fund. 

-Fellow of the Frederick Tilney Memorial Fund. 


body are to be found in the blood of carriers and 
of normal individuals in an epidemic area. 

Thirty-four patients with Group I and 2 pa- 
tients with Group II meningococcal meningitis 
were studied in detail. The clinical characteris- 
tics of some of these cases have been mentioned 
elsewhere (12). Serum was obtained at the timo'^ 
of admission to the hospital, which was usually 
within the first 2 or 3 days of the onset of the 
disease; another speciitien was obtained during 
the second week and, in some cases, a third after 
several weeks. In the majority of cases, the tem- 
perature became normal within 2 or 3 days and 
convalescence was clinically apparent by the second 
week or earlier. Two deaths occurred. Sulfon- 
amide drugs were used in the treatment of all of 
the patients ; therapeutic antiserum was employed, 
in addition, in 3 cases of Group I infection. 
Serum was obtained from 4 Group I carriers, 

6 Group II carriers, and 59 normal indirnduals 
with negative nasopharyngeal cultures who were 
in contact with cases during an epidemic of Group 
I meningococcal meningitis. 

The following tests were employed in the study 
of these sera: agglutination, mouse-protection, 
quellung, plate precipitation (Petrie halo reaction 
(13)), complement-fixation, and the bactericidal 
test. Because of limited quantities of certain 
sera, it was impossible to perform each test with 
all specimens. In general, however, enough de- 
terminations were made in each instance to con- 
stitute a fairly representative group. 

AGGLUTINATION 

Method 

Several preluninary tests with homologous strains of 
Group I meningococci were carried out in the usual fash- 
lon meubation for 2 hours at 37.5° C, followed by 
8 hours in the icebox. By this method, agglutinins were 
detected m the convalescent serum of a number of pa- 
tients. The titers were usually no higher than 1:16, how- 
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TABLE I 


Agglutination for Group I meningococcus by the serum of 10 patients during the acute and convalescent stage of the disease 


Case 

1 ^ 

G 

E 

1 Ro. j 

Fl. 

1 

Eg. 

1 

Wo.* 

D 

Day of disease 

3 

15 

1 

17 

1 

16 

5 

19 

1 

7 

1 

7 

2 

8 

2 

8 

10 

24 

3 

24 

Agglutinin titer f 

0 

32 

4 

32 

0 

64 

32 

64 

0 

128 

0 

128 

32 

128 

0 

32 

32 

i 

8 

0 

128 


t Titer = highest dilution of serum producing definite agglutination. 

6 = No agglutination in 1:4 dilution. * Early specimen of serum not available. 


ever, and in order to obtain a more sensitive index of ag- 
glutination, a modification of the thread test (14) was em- 
ployed. This consisted of the inoculation of a small num- 
ber of organisms into serial dilutions of serum in a nutri- 
ent medium and the observation of agglutination with a 
hand lens during growth of the organisms. The medium 
in which the serum dilutions were made consisted of beef- 
heart infusion broth, containing 10 per cent rabbit serum, 
2 per cent whole rabbit blood hemolyzed in an equal vol- 
ume of distilled water, and 5 mgm. per cent of para- 
aminobenzoic acid. In tubes containing 0.25 ml. of this 
medium, serial twofold dilutions of the serum to be tested 
were made from 1 : 4 to 1 : 128. One-tenth ml. of a broth 
suspension, containing approximately 1,000 organisms, was 
added to each tube, after which they were incubated in a 
candle jar. Optimal agglutination was seen after from 10 
to 12 hours’ incubation. After 18 hours, agglutination was 
obscured by heavy growth of the organisms. 

The sera of some patients were tested with strains of 
meningococci which had been cultured from their own 
cerebrospinal fluid, but it was found that the titers with 
these strains were the same as with a single stock strain 
of Group I meningococcus (strain No. 2). The latter 
strain was therefore used in tests with all of the sera 
from patients, contacts, and carriers. The sera of 2 pa- 
tients with Group II meningococcal meningitis and of 6 
Group II carriers were tested with homologous as well 
as with Group I organisms. 

Results 

Cases. Of 34 convalescent sera from Group I 
cases (obtained during or after the second week), 
agglutinins for Group I meningococci were pres- 
ent in all except 1. In 23 of these cases, the 
acute serum (obtained on admission to the hos- 
pital) was also tested. Agglutinins were present 
in some of these acute sera, but a definite rise in 
titer between the acute and convalescent sera was 
found in all except 2 patients. This increase in 
titer is shown in Table I, in which the detailed 
results with the sera of 10 patients are shown. 
The distribution of agglutinin titers in 23 acute 
sera and 34 convalescent sera is shown in Table II. 

The exact stage of the disease at which aggluti- 
nins first appeared is unknown, since the second 


samples of sera were not obtained until at least 
the seventh day. Agglutinins were present in sig- 
nificant titer, however, in some patients at this 
time. In 1 patient (Table I, Ro.), the initial 
serum was obtained on the fifth day of the disease, 
and at this time, the agglutinin titer was 1 : 32. 
As is shown in Table II, 12 of 23 patients had 

TABLE II 

Distribution of agglutinin titers in Group I patients and' 
non-carrier contacts during an epidemic of Group I 
meningococcal meningitis 




Total 


Serum dilution 

Serum 

number 









persons 

0 to 1-4 

1-8 

1-16 

1-32 

1-64 

1-128 

Pa- 

Acute 

.23 

11 

3 

6 

3 



tients ♦ 

Convalescent 

34 

1 

3 

7 

13 

4 

6 


Total 






1 


Non- 

examined 

59 

33 

7 

12 

4 

3 


carrier 

Household A 

6 



3 

2 

1 


contacts 

Household B 

5 



3 


2 



Household C 

9 

9 







* Acute — Serum obtained during first 2-3 days of disease. 
Convalescent: — Serum obtained during or after the 
second week. 


titers of 1:8 or higher in the first serum taken 
during the first 3 days of the disease. It is not 
known whether these early agglutinins appeared 
as a rapid response to infection or were present 
before the onset of infection. 

In 1 patient (Table I, Wo.), the agglutinin titer 
diminished from 1:32 on the tenth day to 1 : 8 
on the twenty-fourth day. This, however, was 
the only instance in which a diminution in aggluti- 
nins was observ’cd. In 10 other patients, there 
was no change in titer between the second and 
third weeks. The latest serum to be tested v.;as 
obtained on the twenty-eighth day, and in this pa- 
tient, there was no diminution in agglutinin titer. 
The only negative serum after the first week of 
the disease was that of an infant, aged 2 years, 
who had been ill for 3 weeks and who died of 
obstructive hydrocephalus several days later. An 
earlier scrum from this patient was not available. 
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The acute and convalescent sera of 2 patients 
with Group II meningococcal meningitis were 
tested with homologous strains. No agglutinins 
were detectable in the acute sera, while both had 
titers of 1:16 after 2 weeks. One of these pa- 
tients also possessed agglutinins for Group I or- 
ganisms. which increased from 1 : 16 in the acute 
senun to 1 : 64 in the convalescent scrum. On the 
other hand, no agglutinins for Group II organisms 
were present in the convalescent sera of 6 Group I 
patients who were tested. 

Contacts. The sera of 59 presumably normal 
persons who were living in the homes of 12 cases 
of Group I meningitis were tested for agglutinins 
against Group I meningococci. A single naso- 
pharyngeal culture in each of the contacts failed to 
reveal meningococci. The distribution of titers 
in these sera is shown in Table II. It may be 
seen that 40 were 1 : 8 or lower. When the indi- 
Nnduals with titers of 1 : 16 or higher were grouped 
according to their place of residence, it was found 
that 11 were concentrated in 2 households. Group 
A was composed of 6 longshoremen in a water- 
front rooming house in which a Group I carrier 
also lived. Group B consisted of 6 seamen who 
had been living together in quarters ashore. In 
contrast, 9 women and children contacts occupy- 
ing household C had negative agglutination tests. 
The comparadve titers in these 3 groups are 
shown in Table II. 

Carriers. The sera of 4 carriers of Group I 
meningococci were found to have relatively high 


TABLE III 

Agglutinins jor homologous strains of meningococci in the 
sera of healthy carriers 


Group of 
carrier strain 

Carrier 

1 Sorum dilution 

1 

1-4 

I-S 

1-16 

1-32 

1-64 

I-I2S 

I 

D. 

4* 

4 

4 

3 

2 

2 


F. 

4 

4 

4 

4 

4 

3 


C. 

4 

4 

3 

2 

1 

0 


S. 

4 

4 

3 

2 

1 

0 

II 

M. L. 

1 

1 

0 

0 

0 

0 


M. H. 

0 

0 

0 

0 

0 

0 


N. H. 

0 

0 

0 

0 

0 

0 


B. H. 

1 

0 

0 

0 

0 

0 


L, L. 

0 

0 

0 

0 

0 

0 


A. D. 

4 

3 

2 

1 

0 

0 

0 


* Figures refer to degree of agglutination; 
4 — complete agglutination. 

1 — slight agglutination. 

0 — no agglutination. 


agglutinin titers for Group I organisms (Table 
III). In contrast, 5 out of 6 Group II carriers 
had no detectable agglutinins for Group II or- 
ganisms. The latter sera were also negative when 
tested with the Group I strain. One Group II 
carrier (A. D.) had agglutinins for Group I as 
well as for Group II organisms, in a titer of 1 : 16. 

Comment. The agglutination test was found 
to be a useful method for demonstrating a rise 
in antibody during convalescence from meningo- 
coccal meningitis. It would appear, however, to 
be of little diagnostic value as far as active clinical 
infection is concerned because of the occurrence 
of appreciable levels of agglutinins in Group I 
carriers as well as in normal individuals. Fur- 
thermore, some of the patients possessed aggluti- 
nins early in the course of the disease and may- 
have had them before the onset. 

The findings in the group of normal contacts 
are of some epidemiological interest, in view of the 
concentration of persons ^vith high agglutinin ti- 
ters in the same households. Similar obsen-ations 
ha%-e been made by Finland and his co-workers 
(15, 16) in indiriduals e.Nposed to cases of pneu- 
monia and carriers of pneumocoed. It is possible 
that these contacts may have been intermittent 
carriers, or may have had a clinically inapparent 
infection in the past. It is certain that they were 
repeatedly exposed to sources of meningococcal 
infection, in one instance a case and in the other 
a case and a carrier. The question arises as to 
whether such individuals as these are any- less 
susceptible to meningitis than another group lack- 
ing agglutinins, as, for example, household C 
(Table II). In this regard, it may- be noted that 
the patient who came from the longshoremen’s 
rooming house (Table I, Eg.) had an agglutinin 
titer of 1:32 on the second day of his disease, 
which rose to 1 : 128 on the eighth day-. The titer 
in the earlier serum is comparable with that in 
the other members of the household (Table II, 
A), and it is possible that this was the titer of the 
patient’s serum before the onset of meningitis. If 
this is true, it would suggest that although re- 
peated exposure may- lead to the formation of 
agglutinins, this event does not confer immunity- 
against meningitis. On the other hand, the pres- 
ence of agglutinins early in the disease may merely 
mean that the day determined as the “ first day of 
the disease ” was not actually the first day- of in- 
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TABLE I 

Agglutination for Group I meningococcus by the serum of 10 patients during the acute and convalescent stage of the disease 


Case 

■ 

G 

E 

Ro. 

FI. 

H 

Eg. 

£c. 

Wo.* 

Day of disease 

3 

15 

1 

17 

1 

16 

5 

19 

1 

7 

1 

M 

2 

8 

2 

8 

10 

24 

Agglutinin titer f 

0 

32 

4 

32 

0 

64 

32 

64 

0 

128 

0 


32 

128 

0 

32 

32 

8 


t Titer = highest dilution of serum producing definite agglutination. 

0 = No agglutination in 1:4 dilution. ♦ Early specimen of serum not available. 


ever, and in order to obtain a more sensitive index of ag- 
glutination, a modification of the thread test (14) was em- 
ployed. This consisted of the inoculation of a small num- 
ber of organisms into serial dilutions of serum in a nutri- 
ent medium and the observation of agglutination with a 
hand lens during growth of the organisms. The medium 
in which the serum dilutions were made consisted of beef- 
heart infusion broth, containing 10 per cent rabbit serum, 
2 per cent whole rabbit blood hemolyzed in an equal vol- 
ume of distilled water, and S mgm. per cent of para- 
aminobenzoic acid. In tubes containing 0.25 ml. of this 
medium, serial twofold dilutions of the serum to be tested 
were made from 1 : 4 to 1 : 128. One-tenth ml. of a broth 
suspension, containing approximately 1,000 organisms, was 
added to each tube, after which they were incubated in a 
candle jar. Optimal agglutination was seen after from 10 
to 12 hours’ incubation. After 18 hours, agglutination was 
obscured by heavy growth of the organisms. 

The sera of some patients were tested with strains of 
meningococci which had been cultured from their own 
cerebrospinal fluid, but it was found that the titers with 
these strains were the same as with a single stock strain 
of Group I meningococcus (strain No. 2). The latter 
strain was therefore used in tests with all of the sera 
from patients, contacts, and carriers. The sera of 2 pa- 
tients with Group II meningococcal meningitis and of 6 
Group II carriers were tested with homologous as well 
as with Group I organisms. 

Results 

Coses. Of 34 convalescent sera from Group I 
cases (obtained during or after the second week), 
agglutinins for Group I meningococci w'ere pres- 
ent in all except 1, In 23 of these cases, the 
acute scrum (obtained on admission to the hos- 
pital) was also tested. Agglutinins were present 
in some of these acute sera, but a definite rise in 
titer between the acute and convalescent sera was 
found in all except 2 patients. This increase in 
titer is shown in Table I, in which the detailed 
results with the sera of 10 patients are shown. 
The distribution of agglutinin titers in 23 acute 
sera and 34 convalescent sera is shown in Table II. 

The e.xact stage of the disease at which aggluti- 
nins first appeared is unknown, since the second 


samples of sera were not obtained until at least 
the seventh day. Agglutinins were present in sig- 
nificant titer, however, in some patients at this 
time. In 1 patient (Table I, Ro.), the initial 
serum was obtained on the fifth day of the disease, 
and at this time, the agglutinin titer was 1 : 32. 
As is shown in Table II, 12 of 23 patients had 

TABLE II 

Distribution of agglutinin titers in Group I patients and' 
non-carrier contacts during an epidemic of Group I 
meningococcal meningitis 




Total 


Serum dilution 

Serum 

number 








persons 

0 to 1-4 

1-8 

1-16 

1-32 

1-64 

1-128 

Pa- 

Acute 

. 23 

11 

3 

6 

3 



tients * 

Convalescent 

34 

1 

3 

7 

13 

4 

6 


Total 








Non- 

examined 

59 

33 

7 

12 

4 

3 


carrier 

Household A 

6 



3 

2 

1 


contacts 

Household B 

5 



3 


2 



Household C 

9 

9 







* Acute — Serum obtained during first 2-3 days of disease. 
Convalescent: — Serum obtained during or after the 
second week. 


titers of 1:8 or higher in the first serum taken 
during the first 3 days of the disease. It is not 
known whether these early agglutinins appeared 
as a rapid response to infection or were present 
before the onset of infection. 

In 1 patient (Table I, Wo.), the agglutinin titer 
diminished from 1 ; 32 on the tenth day to 1 : 8 
on the twenty-fourth day. This, however, was 
the only instance in which a diminution in aggluti- 
nins was observed. In 10 other patients, there 
was no change in titer between the second and 
third weeks. The latest serum to be tested was 
obtained on the twenty-eighth day, and in this pa- 
tient, there was no diminution in agglutinin titer. 
The only negative serum after the first week of 
the disease was that of an infant, aged 2 ycars^ 
who had been ill for 3 weeks and who died of 
obstructive hydrocephalus several days later. An 
earlier serum from this patient was not available. 
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The acute and convalescent sera of 2 patients 
with Group II meningococcal meningitis were 
tested witli liomologous strains. No agglutinins 
were detectable in the acute sera, while both had 
titers of 1:16 after 2 weeks. One of the.se pa- 
tients also possessed agglutinins for Group I or- 
ganisms, which increased from 1:16 in the acute 
scnim to 1 : 64 in the convalescent scrum. On the 
other hand, no agglutinins for Group II organisms 
were present in the convalescent sera of 6 Group I 
patients who were tested. 

Contacts. The sera of 59 presumably normal 
persons who were living in the homes of 12 cases 
of Group I meningitis were tested for agglutinins 
against Group I meningococci. A single naso- 
pharyngeal culture in each of the contacts failed to 
reveal meningococci. The distribution of titers 
in these sera is shown in Table II. It may be 
seen that 40 were 1 : 8 or lower. When the indi- 
^'iduals with titers of 1 : 16 or higher were grouped 
according to their place of residence, it was found 
that 11 were concentrated in 2 households. Group 
A was composed of 6 longshoremen in a water- 
front rooming house in which a Group I carrier 
also lived. Group B consisted of 6 seamen who 
had been living together in quarters ashore. In 
contrast, 9 women and children contacts occupy- 
ing household C had negative agglutination tests. 
The comparative titers in these 3 groups are 
shown in Table II. 

Carriers. The sera of 4 carriers of Group I 
meningococci were found to have relatively high 


TABLE III 

Agglutinins for homologous strains of meningococci in the 
sera of healthy carriers 


Group of 
carrier strain 

Carrier 

Scnira dilution 

1-4 

1-S 

1-16 

1-32 

I 

1-64 

I-I2S 

I 

D. 

4* 

4 

4 

3 

2 

2 


F. 

4 

4 

4 

4 

4 

3 


C. 

4 

4 

3 

2 

1 

0 


S. 

4 

4 

3 

2 

1 

0 

II 

M. L. i 

1 

1 

0 

0 

0 

0 


M. H. 

0 

0 

0 

0 

0 

0 

i 

N. H. 

0 

0 

0 

0 

0 

0 


B. H. 

1 

0 

0 

0 

0 

0 


L.L. 

0 

0 

0 

0 

0 

0 


A. D. 

4 

3 

2 

0 

0 

0 


* Figures refer to degree of agglutination: 
4 — complete agglutination. 

1 — slight agglutination. 

0 — no agglutination. 


agglutinin titers for Group I organisms (Table 
III). In contrast, 5 out of 6 Group II carriers 
had no detectable agglutinins for Group II or- 
ganisms. The latter sera were also negative when 
tested with the Group I strain. One Group II 
carrier (A. D.) had agglutinins for Group I as 
well as for Group II organisms, in a titer of 1 : 16. 

Comment. The agglutination test was found 
to be a useful method for demonstrating a rise 
in antibody during convalescence from meningo- 
coccal meningitis. It would appear, however, to 
be of little diagnostic value as far as active clinical 
infection is concerned because of the occurrence 
of appreciable levels of agglutinins in Group I 
carriers as well as in normal individuals. Fur- 
thermore, some of the patients possessed aggluti- 
nins early in the course of the disease and may 
have had them before the onset. 

The findings in the group of normal contacts 
are of some epidemiological interest, in view of the 
concentration of persons with high agglutinin ti- 
ters in the same households. Similar obsen^ations 
have been made by Finland and his co-workers 
(15, 16) in indi\dduals exposed to cases of pneu- 
monia and carriers of pneumococci. It is possible 
that these contacts may have been intermittent 
carriers, or may have had a clinicall}’- inapparent 
infection in the past. It is certain that the}' were 
repeatedly exposed to sources of meningococcal 
infection, in one instance a case and in the other 
a case and a carrier. The question arises as to 
whether such individuals as these are any less 
susceptible to meningitis than another group lack- 
ing agglutinins, as, for example, household C 
(Table II). In this regard, it may be noted that 
the patient who came from the longshoremen’s 
rooming house (Table I, Eg.) had an agglutinin 
titer of 1:32 on the second day of his disease, 
which rose to 1 : 128 on the eighth day. The titer 
in the earlier serum is comparable with that in 
the other members of the household (Table II, 
A), and it is possible that this was the titer of the 
patient’s serum before the onset of meningitis. If 
this is true, it would suggest that although re- 
peated exposure may lead to the formation of 
agglutinins, this event does not confer immunitj' 
against meningitis. On the other hand, the pres- 
ence of agglutinins early in the disease may merely 
mean that the day determined as the “ first day of 
the disease " was not actually the first day of in- 
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TABLE I 

AggluUnalion for Group I meningococcus by the serum of 10 patients during the acute and convalescent stage of the disease 


Case 

J 

G 

E 

Ro. 

Fl. 

H 

Eg. 

Ec. 

Wo.* 

D 

Day of disease 

3 

15 

1 

17 

1 

16 

5 

19 

1 

7 

1 

7 

2 

8 

2 

8 

10 

24 

3 

24 

Agglutinin titer f 

0 

32 

4 

32 

0 

64 

32 

64 

0 

128 

0 

128 

32 

128 

0 

32 

1 32 

1 

8 

0 

128 


t Titer = highest dilution of serum producing definite agglutination. 

0 = No agglutination in 1:4 dilution. * Early specimen of serum not available. 


ever, and in order to obtain a more sensitive index of ag- 
glutination, a modification of the thread test (14) was em- 
ployed. This consisted of the inoculation of a small num- 
ber of organisms into serial dilutions of serum in a nutri- 
ent medium and the observation of agglutination with a 
hand lens during growth of the organisms. The medium 
in which the serum dilutions were made consisted of- beef- 
heart infusion broth, containing 10 per cent rabbit serum, 
2 per cent whole rabbit blood hemolyzed in an equal vol- 
ume of distilled water, and 5 mgm. per cent of para- 
aminobenzoic acid. In tubes containing 0.25 ml. of this 
medium, serial twofold dilutions of the serum to be tested 
were made from 1 : 4 to 1 : 128. One-tenth ml. of a broth 
suspension, containing approximately 1,000 organisms, was 
added to each tube, after which they were incubated in a 
candle jar. Optimal agglutination was seen after from 10 
to 12 hours’ incubation. After 18 hours, agglutination was 
obscured by heavy growth of the organisms. 

The sera of some patients were tested with strains of 
meningococci which had been cultured from their own 
cerebrospinal fluid, but it was found that the titers rvith 
these strains were the same as with a single stock strain 
of Group I meningococcus (strain No. 2). The latter 
strain was therefore used in tests with all of the sera 
from patients, contacts, and carriers. The sera of 2 pa- 
tients with Group II meningococcal meningitis and of 6 
Group II carriers were tested with homologous as well 
as with Group I organisms. 

Results 

Cases. Of 34 convalescent sera from Group I 
cases (obtained during or after the second week), 
agglutinins for Group I meningococci were pres- 
ent in all except 1. In 23 of these cases, the 
acute scrum (obtained on admission to the hos- 
pital) was also tested. Agglutinins were present 
in some of these acute sera, but a definite rise in 
titer between the acute and convalescent sera was 
found in all except 2 patients. Tin's increase in 
titer is shown in Table I, in which the detailed 
results with the sera of 10 patients are shown. 
The distribution of agglutinin titers in 23 acute 
sera and 34 convalescent sera is shown in Table II. 

The exact stage of the disease at which aggluti- 
nins first appeared is unknown, since the second 


samples of sera were not obtained until at least 
the seventh day. Agglutinins were present in sig- 
nificant titer, however, in some patients at this 
time. In 1 patient (Table I, Ro.), the initial 
serum was obtained on the fifth day of the disease, 
and at this time, the agglutinin titer was 1 : 32. 
As is shown in Table II, 12 of 23 ’patients had 

TABLE II 

Distribution of agglutinin titers in Group I patients and' 
non-carrier contacts during an epidemic of Group I 
meningococcal meningitis 




Total 


Serum dilution 

Serum 

number 








persons 

0 to 1-4 

1-8 

1-16 

1-32 

1-64 

1-128 

Pa- 

Acute 

.23 

11 

3 


3 



tients * 

Convalescent 

34 

1 

3 

7 

13 

4 

6 


Total 








Non- 

examined 

59 

33 

7 

12 

4 

3 


carrier 

Household A 

6 



3 

2 

1 


contacts 

Household B 

5 



3 


2 



Household C 

9 

9 







* Acute — Serum obtained during first 2-3 days of disease. 
Convalescent:^ — Serum obtained during or after the 
second week. 


titers of 1:8 or higher in the first serum taken 
during the first 3 days of the disease. It is not 
known whether these early agglutinins appeared 
as a rapid response to infection or were present 
before the onset of infection. 

In 1 patient (Table I, Wo.), the agglutinin titer 
diminished from 1 ; 32 on the tenth day to 1 : 8 
on the twenty-fourth day. This, however, was 
the only instance in which a diminution in aggluti- 
nins was observed. In 10 other patients, there 
was no change in titer between the second and 
third weeks. The latest serum to be tested w,as 
obtained on the twenty-eigiith day, and in this pa- 
tient, there was no diminution in agglutinin titer. 
The only negative serum after the first week of 
the disease was that of an infant, aged 2 years, 
who had been ill for 3 weeks and who died of 
obstructive hydrocephalus several days later. An 
earlier serum from this patient was not available. 
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The acute and convalescent sera of 2 patients 
with Group II meningococcal meningitis were 
tested with homologous strains. No agglutinins 
were detectable in the acute sera, while both had 
titers of 1:16 after 2 weeks. One of thc.se pa- 
tients also possessed agglutinins for Group I or- 
ganisms, which increased from 1:16 in the acute 
senim to 1 : 64 in the convalescent serum. On the 
other hand, no agglutinins for Group II organisms 
were present in the convalescent sera of 6 Group I 
patients who were tested. 

Contacts. The sera of 59 presumably normal 
persons who were living in the liomes of 12 cases 
of Group I meningitis were tested for agglutinins 
against Group I meningococci. A single naso- 
phaiyngeal culture in each of the contacts failed to 
reveal meningococci. The distribution of titers 
in these sera is shown in Table II. It may be 
seen that 40 were 1 ; 8 or lower. Wlicn the indi- 
\'iduals with titers of 1 : 16 or higher were grouped 
according to their place of residence, it was found 
that 11 were concentrated in 2 households. Group 
A was composed of 6 longshoremen in a water- 
front rooming house in which a Group I carrier 
also lived. Group B consisted of 6 seamen who 
had been living together in quarters ashore. In 
contrast, 9 women and children contacts occupy- 
ing household C had negative agglutination tests. 
The comparative titers in these 3 groups are 
shown in Table II. 

Carriers. The sera of 4 carriers of Group I 
meningococci were found to have relatively high 


TABLE in 

Agglutinins for homologous strains of meningococci in the 
sera of healthy carriers 


Group of 
carrier strain 

Carrier 

Serum dilution 

1 i_4 

1-S 

1-36 

1-32 

1-64 

1-128 

I 

D. 

4* 

4 

4 

3 

2 

2 


F. 

4 

4 

4 

4 

4 

3 


C. 

4 

4 

3 

2 

1 

0 


s. 

4 

4 

3 

2 

1 

0 

II 

M. L. 

1 

1 

0 

0 

0 

0 

1 

M. H. 

0 

0 

0 

0 

0 

0 


N. H. 

0 

0 

0 

0 

0 

0 


B. H. 

1 

0 

0 

0 

0 

0 


L. L. 

0 

0 

0 

0 

0 

0 


A. D. 

4 

3 

2 

0 

0 

0 


* Figures refer to degree of agglutination: 
4 — complete agglutination. 

1 — slight agglutination. 

0 — no agglutination. 


agglutinin titers for Group I organisms (Table 
III). In contrast, 5 out of 6 Group II carriers 
had no detectable agglutinins for Group II or- 
ganisms. The latter sera were also negative when 
tested with the Group I strain. One Group II 
carrier (A. D.) had agglutinins for Group I as 
well as for Group II organisms, in a titer of 1 : 16. 

Comment. The agglutination test was found 
to be a useful method for demonstrating a rise 
in antibody during convalescence from meningo- 
coccal meningitis. It would appear, however, to 
be of little diagnostic value as far as active clinical 
infection is concerned because of the occurrence 
of appreciable levels of agglutinins in Group I 
carriers as well as in normal individuals. Fur- 
thermore, some of the patients possessed aggluti- 
nins early in the course of the disease and may 
have had them before the onset. 

The findings in the group of normal contacts 
are of some epidemiological interest, in view of the 
concentration of persons with high agglutinin ti- 
ters in the same households. Similar observations 
have been made by Finland and his co-workers 
(15, 16) in individuals exposed to cases of pneu- 
monia and carriers of pneumococci. It is possible 
that these contacts may have been intermittent 
carriers, or may have had a clinically inapparent 
infection in the past. It is certain that they were 
repeatedly exposed to sources of meningococcal 
infection, in one instance a case and in the other 
a case and a carrier. The question arises as to 
whether such individuals as these are any less 
susceptible to meningitis than another group lack- 
ing agglutinins, as, for example, household C 
(Table II). In this regard, it may be noted that 
the patient who came from the longshoremen’s 
rooming house (Table I, Eg.) had an agglutinin 
titer of 1:32 on the second day of his disease, 
which rose to 1 : 128 on the eighth day. The titer 
in the earlier serum is comparable with that in 
the other members of the household (Table II, 
A), and it is possible that this was the titer of the 
patient’s serum before the onset of meningitis. If 
this is true, it would suggest that although re- 
peated exposure may lead to the formation of 
agglutinins, this event does not confer immunity 
against meningitis. On the other hand, the pres- 
ence of agglutinins early in the disease may merely 
mean that the day determined as the “ first day of 
the disease ” was not actually the first day of in- 
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fection. The nasopharynx may have been infected 
and bacteremia may have occurred some time be- 
fore the clinical disease became severe enough to 
be recognized. Further studies along these lines 
seem to be indicated. 

Although cross agglutination for Group II or- 
ganisms was not noted in the convalescent serum 
of Group I cases, one of the patients with Group II 
meningitis developed agglutinins for both groups 
of organisms during convalescence. Also, a Group 
II carrier had agglutinins in a titer of 1:16 for 
Group I as well as for Group II organisms. It 
is possible that both of these individuals may pre- 
viously have been exposed to Group I organisms. 

MOUSE-PROTECTION TEST 
Method 

The serum to be tested, diluted 1 : 5, was injected intra- 
pcritoneally into mice in 0.5 ml. amounts, 30 minutes be- 
fore the injection of organisms. The preparation of mu- 
cin suspensions was made in the same manner as that 
described for the virulence titrations in the preceding pa- 
per (17). White Swiss mice from a single breed, each 
weighing between 14 and 16 grams, were employed in all 
of the tests. A strain (No. 2) of Group I meningococcus 
was used which had been isolated from the cerebrospinal 
fluid of a patient; the virulence of this strain was such 
that 10 organisms produced 50 per cent mortality in mice. 
Each serum was tested for its protection against 100, 
10,000, and 1,000,000 organisms, using 2 mice for each 
dose. Three groups of control mice were included with 
each test: one group received normal serum (1:5), the 
second, standard antimeningococcal serum (M19) of 
known protective action in 1 : 50 dilution,® and the third, 
no serum. 

Tests were made with sera from 7 patients with Group 
I meningococcal meningitis and from 14 contacts and 2 
Group I carriers in the Halifax epidemic. Since the sera 
of most of the patients contained sulfadiazine in varying 
amounts, para-aminobenzoic acid in a concentration of 5 
mgm. per cent was added to all of the sera before injec- 
tion. 

Results 

Patients. In tests with the sera of 7 patients, 2 
showed no significant protection in either the acute 
or convalescent serum. 2 showed protection in both 
samples of serum against 100,000 50 per cent 
lethal doses, 2 showed protection against 100.000 
and 1 against 1,000 50 per cent lethal doses in 
the convalescent seaun. 

® This standard antiserum was supplied through the 
courtesy of Dr. Sara E. Branham. 


The 2 patients whose “ acute ” serum possessed 
protective action were known to have received 
sulfonamide therapy shortly before coming under 
our observation. It seemed possible that the ap- 
parent protection might be due to the presence of 
sulfadiazine in the serum. Because of this, sepa- 
rate experiments were undertaken to determine 
whether sulfadiazine could be inhibited in vivo by 
para-aminobenzoic acid, under the conditions of 
the mouse-protection test. The results . of these 
experiments have been reported in detail else- 
where (18). In brief, it was found that good pro- 
tection was provided by as little as 0.0025 mgm. of 
sulfadiazine per mouse, and that this effect was 
not inhibited by the presence of 10 mgm. per cent 
of para-aminobenzoic acid in the serum nor by a 
single subcutaneous injection of additional para- 
aminobenzoic acid at the time of the introduction 
of organisms. The protective action of sulfadia- 
zine was eliminated only after repeated sub- 
cutaneous injections of para-aminobenzoic acid 
were made at 3-hour intervals. Presumably this 
was necessary to compensate for the rapid excre- 
tion of para-aminobenzoic acid (19). 

The extremely small amounts of sulfadiazine 
required to induce protection of mice, and the 
difficulties involved in inhibiting this protection 
with para-aminobenzoic acid, render the mouse- 
protection test an unreliable method for assessing 
antibody in the sera of patients who have received 
sulfonamide therapy. False positive results occur 
when the concentration of sulfadiazine in serum 
is as low as 0.5 mgm. per cent. The test with pa- 
tients’ sera was therefore discontinued. 

Carriers. One of the Group I carrier sera pro- 
tected against 100,000 50 per cent lethal doses and 
the other against 10 50 per cent lethal doses. 

Contacts. Seven contact sera possessed no pro- 
tective action. Five showed slight or questionable 
protection. One protected against 100,000 and 1 
against 10 50 per cent lethal doses. 

These results with carrier and contact sera are 
shown in Table IV, in which the agglutinin titer 
of each serum for the Group I meningococcus is 
also indicated. 

Comment. No conclusions can be drawn con- 
cerning the patients’ sera in which protective ac- 
tion was demonstrated because of the possibility 
of interference by small amounts of sulfadiazine in 
the serum. The 2 negative results with convaIc.->- 
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TABLE IV 

^fouse prdectior. tests scith the sera of Group I carriers and 
contacts during an epidemic of Group I meningococcal 
meningitis 


Souret of tcrurn 

Acclu- 

tinnlion 

Number of orpanlsms 
Injected 



titer 

1,000.000 

10,000 

100 

Carriers 

F 

S 

1-128 

1-32 

O ro 

• 

2 

1 

2 

2 


McQ 

! 1-32 

2 

2 

2 


1 Cu 

1-32 

0 ! 

1 

2 


T 

1-64 

0 

0 

1 


R 

1-64 

0 

0 

0 


Rd 

1-32 

0 

0 

0 


Pg 

1-32 

0 

0 

0 

Non-carrier 

K 

0 

0 

0 

0 

contacts 

M 

0 

0 

0 

0 


McE 

0 

0 

0 

0 


D 

0 

0 

0 

0 


H 

0 

0 

0 

1 


Sw 

0 

0 

0 

1 


p 

0 

0 

0 

1 


McD 

0 

0 

0 

1 


Normal 

serum 

0 

0 

0 

0 

Controls 

No serum 


0 

0 

0 


M-19 ant: 
dil. 1- 

iserum, 

-SO 

2 

2 

2 


* refer to the number of mice sun'iving with 

each dilution of organisms. Two mice were inoculated in 
each group. 


cent sera, on the other hand, are valid indications 
of the absence of mouse-protective antibody in the 
dilution employed. One of these sera possessed 
agglutinins in a titer of 1:16 and the other in a 
titer of 1 : 32. Both were negative in the quellung 
and complement-fixation tests, to be reported sub- 
sequently. Both were obtained on the eighteeenth 
day of the disease. 

The sera of 2 Group I carriers and 2 contacts 
(McQ. and Cu.) in rvhich protective antibody was 
detected also possessed relatively high titers of 
Group I agglutinins. Four contact sera with 
equal or higher agglutinins had no protective ef- 
fect, however, so that no reciprocal correlation be- 
tween agglutinins and mouse-protective antibodies 
IS to be seen. It is of interest, nevertheless, that 
no protection was exhibited by any of the sera 
lacking agglutinins. 

QUELLUNG 

Capsular swelling of the Group I meningococcus 
is best observed when very young cultures are 
used, and is enhanced by prolonged contact of the 


organisms wdth the antiserum. The standard 
method for demonstrating quellung, namely that 
of mixing a suspension of organisms with immune 
serum on a slide, has proved rather unsatisfactory 
on occasion because of the rapid loss of this prop- 
erty in older cultures. Some strains may exhibit 
good quellung in 6-hour cultures but none after 
12 hours of growth. On the other hand, excellent 
capsular swelling occurs when the organisms are 
allowed to grow in specific antiserum for a few 
hours, regardless of the age of the culture at the 
time of inoculation. 

Method 

Each serum was inactivated by heating at 56° C. for 
30 minutes. Para-aminobenzoic acid was added to the 
scrum to make a concentration of 5 mgm. per cent. A 
single cerebrospinal fluid strain of Group I meningococcus 
was used in all of the tests. Of a 10^ broth dilution of 
this organism, prepared from a 6-hour serum-dextrose 
agar growth, 0.05 ml. was added to 02S ml. of the serum. 
The mixture was then incubated in a candle jar, and a 
loopful examined on a slide, with methylene blue stain, at 
hourly intervals. 

It was found that the optimal time for demonstrating 
quellung was between 2 and 4 hours of incubation. Quel- 
lung was less marked when excessive growth occurred 
and, similarly, was less evident when excessive inoculum 
was employed. 

The sera of 23 patients with Group I and 2 patients with 
Group II meningococcal meningitis were tested in this 
manner. The same sera were tested for quellung by the 
standard slide method. Tests, were also made wdth the 
sera of 4 Group I carriers. 

Results 

The convalescent sera of 6 Group I patients pro- 
duced definite quellung of the Group I meningo- 
coccus. The acute sera of these patients showed 
no quellung. Acute and convalescent sera from 
17 other Group I cases and 2 Group II cases, and 
sera from the 4 Group I carriers, all jdelded nega- 
tive results. 

When the 6 positive sera w’ere tested for quel- 
lung by the slide method, using young cultures 
of the same Group I meningococcus which was 
employed in the incubation tests, 1 produced ques- 
tionable capsular swelling and the remaining 5 
w'ere negative. 

Comment. The 6 convalescent sera which pro- 
duced quellung of the Group I meningococcus also 
contained agglutinins. Tw'o had titers of 1 : 128, 

3 of 1 : 64, and 1 of 1 : 32. Three of these patients 
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had received specific antiserum, while 3 were 
treated with chemotherapy alone. The degree of 
quellung was about the same in both groups. One 
patient’s serum showed good quellung 2 days after 
the injection of antiserum, but none 1 month later. 

The results indicate that although sera from the 
majority of patients with Group I infection do not 
show capsular swelling during convalescence, the 
test may be of some value in estimating antibody 
levels in the course of treatment with therapeutic 
antiserum. The incubation technique of demon- 
strating quellung is easily performed and appears 
to be considerably more sensitive than the usual 
slide method; when positive, it indicates that a 
high antibody level has been established. 

PLATE PRECIPITATION TEST ( PETRIE HALO 
REACTION (13)) 

M ethod 

Beef-infusion agar plates were prepared so as to con- 
tain the serum to be tested in a dilution of 1 : 20. These 
were inoculated at single points with heavy scrapings from 
a plate culture of Group I meningococcus and incubated 
in a candle jar for S days. Control plates containing 
Group I antimeningococcal rabbit serum showed definite 
halo formation after 24 hours and very pronounced halos 
after 5 days. 

Results 

Two acute sera and 4 convalescent sera from 
patients with Group I meningococcal meningitis 
were tested. No precipitation was observed, al- 
though 2 of the conA’^alescent sera possessed ag- 
glutinin titers of 1:64 in the thread test and also 
produced quellung of the Group I meningococcus. 
Both were positive in the complement-fixation test. 

Counneut. Because of limited quantities of con- 
valescent serum, it was not possible to carry out 
plate precipitation tests with higher concentrations 
of serum. In view of the negative results with 
sera which possessed relatively high antibody titers 
by other methods, the plate precipitation method 
was discontinued. It is possible that positive re- 
sults might have been obtained if higher concentra- 
tions of scrum could have been used. 

COM PLEMENT-FIX.^TION TEST 

The convalescent sera of 26 patients with Group 
1 meningococcal infection were tested for comple- 
ment-fixing antibodies with an antigen prepared 


from Group I organisms. The acute sera of 14 
of these patients were also tested. Sera from 3 
Group I carriers and from 30 normal contacts in 
the Halifax epidemic were examined. Two nor- 
mal adults were injected with 25 ml. and 40 ml., 
respectively, of commercial Group I rabbit anti- 
serum,* and complement fixation tests were made 
before and after these injections. 

Method 

The antigen was prepared according to a modification 
(20) of McNeil’s method (21) for the preparation of 
gonococcus antigen. Six different strains of Group I 
meningococcus, isolated from spinal fluid and stored on 
carbon dioxide ice, were employed. 

The procedure in the complement-fixation test was as 
follows : 0.25 ml. of varying dilutions of serum (inacti- 
vated by heating at 56° C. for 30 minutes) was mixed 
with 0.25 ml. of the antigen, diluted 1 : 40. Two units of 
complement contained in 0.5 ml. of normal saline were 
added, after which the mixtures were incubated for 30 
minutes at 37.5° C. Five-tenths of a milliliter of 2 per 
cent sheep cells previously sensitized with two units of 
amboceptor was then added to each tube and again incu- 
bated for 30 minutes at 37.5° C. Appropriate anticomple- 
mentary and hemolytic controls were included in each 
titration. A positive rabbit antiserum of known titer 
(1-2048), and a normal human serum lacking in anti- 
body, were run as controls with each test. The titer of 
the serum was regarded as the highest dilution producing 
definite fixation of complement. The results of the titra- 
tions have been expressed by the final dilution of serum 
employed. 

Results 

The results of the tests with the sera of pa- 
tients, carriers, and contacts are summarized in 
Table V. It may be seen that none of the 14 sera 
from patients during the acute stage of the disease 
contained complement-fixing antibodies, while 16 
of the 26 convalescent sera were positive. In the 
14 patients whose acute as well as convalescent 
sera were tested, the actual development of anti- 
bodies was demonstrated in 8. 

One of the 3 Group I carrier sera possessed anti- 
body in a dilution of 1 : 32. The other 2 were neg- 
ative. All of the 30 sera from normal contacts in 
the Halifax epidemic were negative in a final dilu- 
tion of 1:4. 

The majority of positive reactions occurred 
with convalescent sera obtained during the second 
week after the onset of the disease. In 2 pa- 


* Furnished by Lederle laboratories, Inc. 
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TABLE V 

Titers of compfen:er.t-fixin}i antibodies for Group 1 
meningococcus in sera of patients, carriers, 
and contacts 


Seram 

Total 

number 

1 Complement-fixation tUcr 

<1-! 

I-S 

I-I6 

il-32 


1-128 

1-286 

Patients 

14 

14 







acute 









Patients con- 

26 

10 

2 

5 

6 

2 


1 

lalesccnt 









Group I 

3 i 

2 



1 




carriers 


i 







Non-carrier 

30 

30 







contacts 


1 








tients, a diminution in antibodj* titer was demon- 
strated later in convalescence. In 1 of these cases, 
the titer at 1 week was 1:16 and after 3 weeks, 
the test was negative. In the other case, the titer 
at 1 week was 1 : 256 and after 4 weeks, it had 
fallen to 1:64. 

Three of the patients in this series were treated 
■with therapeutic Group I antiserum. The sera of 
2 of these patients were tested 3 days after the 
administration of antiserum, and the complement- 
fixation titer in each was 1 ; 32, The third pa- 
tient was tested 2 weeks after the administration 
of antiserum, and the test was negative at this 
time. In order to determine the increase in anti- 
body titer which is produced by therapeutic anti- 
serum, 2 normal adults were given antimeningo- 
coccal Group I rabbit serum intravenously. The 
first subject received 25 ml, of antiserum; after 
20 minutes, the titer of his serum ■was 1 : 8. The 
second subject received a total of 40 ml. of anti- 
serum in 3 divided doses at 2-hour intervals; 2 
hours after the last dose, the titer was 1 : 64, and 
18 hours later, it had fallen to 1 : 32. In the sera 
of both of these individuals, quellung of the Group 
I meningococcus was demonstrable by the in- 
cubation method following the injection of anti- 
serum. 

Comment. The results of the tests with pas- 
sively immunized normal individuals suggest that 
the complement-fixation test as used here is not 
a highly sensitive index of specific antibody, since 
the titers are relatively low. There are, however, 
certain advantages in such a test. False or non- 
specific positive results seem less likely to occur, 
and a positive result assumes considerable sig- 
nificance. This is supported by the fact that in 


the series of 73 sera tested, no positives -were en- 
countered except in convalescent patients and in 
1 Group I carrier. 

The titers in the convalescent sera may be cor- 
related to some extent with the results of the ag- 
glutinin tests previously described. Of the 10 
convalescent sera 3 ’ielding negative results with 
the complement-fixation test, 9 -were tested for 
agglutinins. Eight of the 9 sera had agglutinin 
titers of 1 : 32 or lower. On the other hand, of 
the 1 6 convalescent sera with positive complement- 
fixation tests, 12 had agglutinin titers of 1 : 32 or 
higher, and 5 of these had titers of 1 : 128. This 
correlation is shown in Table VI, It is not a 

TABLE •4T 

Relation belvreen complemenl-fixingantibodiesandagglutinins 
{thread reaction) for Group I meningococcus in 
convalescent patients’ sera 


Comple- 



Titer of aggluticins 


ment 

Number 






fixation 

of sera 






teat 


1-8 

1-16 

1-32 

1-64 

1-12S 

Negative 

9 

2 

2 

4 


1 

Positive 

16 

1 

I 

3 

3 

4 

5 


reciprocal relationship, however, since it may be 
seen that low agglutinin titers were present in 
some of the positive complement-fixation sera, 
while 1 of the negative sera had an agglutinin titer 
of 1 ; 128. Furthermore, some of the contact and 
carrier sera, which showed no reaction in the com- 
plement-fixation test, had relatively high agglu- 
tinin titers. 

BACTERICID.AL TEST 

Method 

The method was similar to that employed in previous 
bacteriridal tests with the influenza bacillus (22). The 
organisms used in each test were grown for 6 hours on 
serum-dextrose agar slants and then suspended in beef- 
infusion broth from which serial dilutions from ICT* to 
I(r“ were made in broth. The turbiditj' of the original 
suspension was adjusted by the use of a photoelectric tur- 
bidometer so that 0.1 ml. of the 10^^ dilution contained 
approximately 100 organisms. 

In testing the bactericidal action of fresh serum, 0.25 
ml. of serum was mixed with 0.05 ml. of each dilution of 
organisms, in small Pyrex tubes. In other tests, the sera 
were inactivated bj- heating at 56° C. for 30 minutes. 
Dilutions of these sera, in 0.05 ml. amounts, were mixed 
with 0J25 ml. of fresh normal human serum, diluted 1 : 2, 
or with fresh normal defibrinated blood, and 0.05 ml. of 
each dilution of organisms was added. The tubes were 
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sealed and rotated in an incubator for 20 hours. After 
incubation, the contents of each tube were thoroughly 
mixed and two loopfuls were inoculated on the surface of 
a blood agar plate. Para-aminobenzoic acid in a final 
concentration of 5 mgm. per cent was added to the mate- 
rials used in all tests in order to inhibit the effect of any 
sulfonamide in the sera. 

Results 

Preliminary bactericidal tests with the con- 
valescent sera of patients with Group I meningo- 
coccus infection yielded paradoxical results. It 
was found necessary to undertake a reinvestiga- 
tion of the mechanism of bactericidal action in 
normal and immune sera before satisfactory tests 
could be performed with the sera of patients. 

The results of this investigation have been re- 
ported in detail elsewhere (17, 23), but the ob- 
servations which are pertinent to the present study 
may be summarized as follows: (1) It was found 
that Group I meningococci could be divided 
roughly into two classes — those which were sus- 
ceptible and those which were resistant to the 
bactericidal action of fresh normal human serum, 
as indicated by their failure or ability to survive 
(17). Some variation was also encountered in 
the bactericidal property of sera from different 
normal individuals; for example, occasional sera 
were found in which the usually susceptible strains 
were able to survive. (2) No bactericidal action 
could be demonstrated in the fresh serum of rab- 
bits which had been intensively immunized against 
Group I meningococci, even for strains which 
ordinarily were killed by normal rabbit serum. 
When these immune sera were diluted in the 
presence of normal rabbit complement, however, 
strong bactericidal action against resistant strains 
was produced by dilutions as high as 1 : 60,000, 
while a prozone was produced by dilutions of 
1 : 600 or lower. Furthermore, when immune 
scrum was added to fresh normal scrum, inhibi- 
tion of the normal bactericidal action for suscepti- 
ble strains was observed, suggesting that a prozone 
might be responsible. (J) \Yhen fresh normal 
human scrum was used as complement, with 
specific rabbit antisera or human convalescent 
sera, no killing of the resistant strains took place. 
^^''hcn defibrinated blood was used instead of 
serum as complement, killing of these strains was 
caused by high dilutions of immune sera, suggest- 
in<T that another mechanism, presumably pha- 


gocytic, was operative, (4) When fresh serum 
which lacked bactericidal action was employed as 
complement with the susceptible strains, killing 
was produced by immune sera. 

In the light of these findings, tests were made 
with the sera of patients with Group I meningo- 
coccus infection, with the following results. 

Bactericidal effect of fresh serum. The undi- 
luted sera of 3 patients were tested for bactericidal 
action against the homologous organism during 
the acute and convalescent stages of the disease. 
In each instance, the serum was strongly bac- 
tericidal during the acute stage and definitely less 
bactericidal during convalescence (Table VII). 

TABLE VII 

The bactericidal action of fresh serum for homologous 
organisms during the acute and convalescent stages 
of Group I meningococcus meningitis 


Pa- 

tient 

1 

Day of 1 
disease 

Dilution of organisms 

10-1 

10-1 

10-1 

io-‘ 

10-' 

io-« 

R, 

3 

0 

0 

0 

0 

0 

0 


14 

+ 

-f 

4- 

4- 

+ 

+ 

E. 

3 

0 

0 

0 

i 

0 

1 

0 

0 


11 

4- 

-1- 

0 

0 

0 

0 

L. 

2 

0 

0 

0 

0 

0 

0 


14 

-h 

-1- 

4- 

4- 

4- 

4- 


0 = No growth. -f- = Growth. 


Effect of patients’ sera upoti bactericidal action 
of fresh normal serum. These tests were carried 
out in the same way as the usual bactericidal test, 
except that the fresh normal serum used as com- 
plement was of itself bactericidal for the organ- 
isms. Of undiluted serum obtained during the 
acute and convalescent stages, 0.05 ml. was added 
to 0.25 ml, of normal serum, diluted 1:2. A sus- 
ceptible strain (No. 2) was employed. 

The sera of 7 patients produced no effect upon 
the bactericidal action of normal serum. The 
convalescent sera of 4 patients caused inhibition 
of bactericidal action, while the acute serum was 
without effect (Table VIII). 

Bactericidal effect of convalescent scrum in the 
presence of neutral human complement. When 
the susceptible strain (No. 2) was used with fresh 
serum from an individual lacking bactericidal ac- 
tion for this strain, the addition of convalescent 
serum produced striking results. Killing took 
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TAHLE VIH 


Tke inhibitory effect of convalescent serum on the 
bactericidal action of fresh normal serum 


Pa- 

tient 

I>ny of 


Dilution o! 

' orjninisms 


dijcase 

10-* 

10“^ 

10-* 

io-< 

10-« 

10-< 

R. 

3 

-U 

0 

0 

0 

0 

0 


14 

4- 

+ 

+ 

4" 

0 

0 

E. 

3 

-1- 

-f 

0 

0 

0 

0 


11 

+ 

4- 

-f 

+ 

4- 

+ 

J. 

2 

0 

0 

0 

0 

0 

0 

14 

4- 

4. 

+ 

0 

0 

0 

Hu. 

2 

4- 

0 

0 

0 

0 

0 


14 


+ 

■I" 

0 

1 

0 

0 

Normal scrum 
alone 

+ i 

0 

0 i 

1 

0 

0 

0 


0 = No growth. + = Growth. 


place ivith 1 : 6,000 dilutions of the immune serum, 
while a prozone occurred with 1 :6 dilutions of 
serum. In contrast, serum obtained during the 
acute stage had no effect (Table IX). 

With a resistant strain (No. 21), human serum 
was found to be ineffective as complement. No 
bactericidal antibody was demonstrable either in 
convalescent serum or in rabbit antisera. When 
human defibrinated blood was used instead of 
serum as complement, however, the results were 
comparable with those obtained in the preceding 
test wdth the susceptible strain. Strong bacteri- 
cidal action w’as caused by the convalescent sera 
of 4 patients, while the acute sera were negative. 

TABLE IX 


BaclericiM effect of acute and convalescent sera for a 
susuptible strain of Group I meningococcus {No. 2) 
with non-bactericidal human serum as complement 


Day of 
disease 

Dilution* 
of serum 

1 Dilution of organisms 

10“* 

1 

10-s 

10-* 

10-* 

10-* 

to-* 

3 

1-6 

+ 

4" 

4- 

4- 

4- 

4- 


1-60 

+ 

+ 

4- 

4- 

4- 

0 


1-600 

+ 

+ 

4- 

4- 

+ 

0 


1-6000 

+ 

+ 

4- 

4- 

+ 

0 

10 

1-6 

+ 

4" 

4- 

4- 

+ 

0 


1-60 

0 

0 

0 

0 

0 

0 


1-600 

0 

0 

0 

0 

0 

0 


1-6000 

+ 

4- 

4- 

0 

0 

0 

Complement alone 

+ 

1 

4" 

+ 1 

4- 

4- 

4" 


= No ^ow-th. -(- = Growth. 

Figures indicate the final dilution of serum. • 


The results with the sera of 1 of these patients 
are shown in Table X. 

Bactericidal effect of sera from Group I car- 
riers. The sera of 2 Group I contact-carriers 
were tested with the resistant strain, using de- 
fibrinated blood as complement. Two samples of 
serum were obtained from each individual, one at 
the time of the first nasopharyngeal culture and 
another after 3 weeks, at which time cniltures 
were negative in both. Both carriers had received 
a short course of sulfadiazine treatment during 
this 3-week interval. In one of the carriers, both 
samples of sera were negative. In the other, the 
first serum was negative but the second showed 
bactericidal antibody in a dilution of 1 : 60. It is 
of some interest that this individual under\vent 

TABLE X 

Bactericidal effect of acute and, convalescent sera for a resistant 
strain of Group I meningococcus {No. 21) with normal 
human defibrinated blood as complement 


Day of 

Dilution 


Dilution of organisms 


disease 

of serum * 

10-1 

to-* 

io-» 

10 

I0-* 

10-* 

3 

1-12 

4- 

4~ ! 

4- 

4- 

4- 

4- 


1-60 

4- 

4- 

4- 

4- 

4" 

0 


1-600 

4- 

4- 

4- 

4- 
1 1 
T 

4- 

0 

1 

1 

1-6000 

4" 

+ 

4- 

4- 

0 

10 

1-12 

4“ 

4" 

4“ 

4" 

4- 

0 


1-60 

0 

0 

0 

0 

0 

0 


1-600 

0 

0 

0 

0 

0 

0 


1-6000 

4- 

4- 

4- 

0 

0 

0 

Normal defibrinated 
blood alone 

4- 

4- 

1 

4“ 

I 

4- 

4- 

1 

1 

! 


0 = No ^owth. -f = Growth. 

• Figures indicate the final dilution of serum. 


an upper respiratory infection with rhinitis and 
pharyngitis during the 3-week period. The ag- 
glutinin titer in the serum of the first carrier was 
1 : 32 and in the second, 1 : 128. No change in 
agglutinins was noted in the 2 samples of sera 
in either indiridual. 

Effect of sulfadiazine on the bactericidal test. 
In the preceding experiments, para-aminobenzoic 
acid was used in a concentration of 5 mgm. per 
cent. In the absence of this drug, small amounts 
of sulfadiazine exerted a misleading effect in bac- 
tericidal tests with the serum of patients. For 
example, a serum containing 8.0 mgm. per cent of 
sulfadiazine produced killing in a dilution of 
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1 : 120, but was entirely non-bactericidal when 
para-aminobenzoic acid was added. 

Comment. The diminution in the bactericidal 
property of fresh undiluted serum during con- 
valescence from Group I meningococcal infection 
may be analogous to the absence of bactericidal 
action in the undiluted serum of heavily immun- 
ized rabbits. In both instances this appears to be 
a manifestation of the prozone, since adequate 
dilution of the convalescent serum or of the im- 
mune rabbit serum results in bactericidal action 
when neutral complement is added. Similarly, 
inhibition of the bactericidal action of normal 
serum, which was observed with the convalescent 
sera of 4 patients, has also been shown to occur 
when immune rabbit serum is added to fresh 
normal rabbit or human serum. The mechanism 
of this action is not completely clear, but seems 
also to be related to the prozone phenomenon. 

The strong bactericidal action in the fresh sera 
of 3 patients during the acute stage of the illness 
is difficult to explain. The same degree of bac- 
tericidal action is, however, encountered in many 
nonnal individuals and may represent the normal 
state in these 3 patients. If this is true, one 
might assume that this property does not consti- 
tute an adequate barrier against infection with 
the meningococcus, at least as far as the .sub- 
arachnoid space is concerned. There are two al- 
ternative explanations which should also be con- 
sidered : (i) The fresh serum of acutely ill, 
febrile patients has been shown by Tillett (24) 
to be bacteriolytic for hemolytic streptococci. It 
is possible that an analogous property may have 
caused the bacteriolysis of meningococci in the 
early serum of these 3 patients. Evidence is lack- 
ing to substantiate this at the present time. (2) 
It is conceivable tliat bactericidal antibody may 
have begun to develop very early in the course of 
the disease, perhaps even before the actual in- 
vasion of the meninges, and by the second or third 
day of florid symptoms, there may have been 
enough antibody to produce bacteriolysis in the 
fresh, undiluted serum. This is suggested, with- 
out direct supporting evidence, because it has been 
observed that after light immunization (c.g., a 
single intravenous dose of living organisms), rab- 
bits tnav develop bactericidal property in fresh, 
undiluted senim for resistant strains of menin- 
gococci. As has been mentioned, further im- 


munization results in the disappearance of this 
property. 

For practical purposes, the bactericidal test em- 
ploying human defibrinated blood as complement 
with a resistant strain of meningococcus was 
found to be the most convenient method for esti- 
mating bactericidal antibody. The tests in which 
fresh normal serum was used as complement are 
of interest chiefly because of the differences which 
were brought out between meningococci of the 
same group. It was shown that if a strain was 
usually, but not always, susceptible to bacterioly- 
sis in normal serum, it was also susceptible to 
bacteriolysis by immune serum when normal 
serum was used as complement. On the other 
hand, if a strain was generally resistant in fresh 
normal serum, it was also resistant when anti- 
serum and normal serum were combined, but was 
destroyed when defibrinated blood was used as 
complement. Except for those differences in 
susceptibility, the strains were indistinguishable 
in their general characteristics, including mor- 
phology, agglutinability, quellung, and virulence 
for mice (17). 

The presence of bactericidal antibody in the 
convalescent serum was in each instance associ- 
ated with specific agglutinins and complement- 
fixing antibodies. The number of tests performed 
was not sufficient to determine a quantitative rela- 
tion between the results. The bactericidal test 
appears, as might be expected, to be a more highly 
sensitive method than the agglutination or com- 
plement-fixation tests. The time when bacteri- 
cidal antibody begins to develop has not been 
shown in this study. It has been shown, however, 
that antibody of high titer is present between the 
seventh and fourteenth days of the disease. 

The appearance of bactericidal antibody in the 
serum of a Group I carrier, 3 weeks after a previ- 
ous negative test, is of some interest. Unfor- 
tunately, the duration of the carrier state in this 
individual is not known. It is possible that it 
may have begun shortly before the first test, and 
the positive result in the second test may have 
represented a delayed response to infection. If. 
however, the carrier state had been of longer dura- 
tion (which the agglutinin titer of 1 :128 in the 
first serum might suggest), it is also possible that 
the appearance of bactericidal antibody may have 
been the result of a transient reinvasion during 
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an upper respiratory infection, unaccompanied by 
the usual sj-mptoms of meningococcal infection. 

DISCUSSION 

The appearance of specific antibod}’ during con- 
valescence from meningococcal meningitis has 
been demonstrated by all except two of the meth- 
ods employed. Negative results were obtained 
in the plate precipitation and mouse-protection 
tests. In the first, this may have been due to 
insufficient concentrations of serum. In the 
mouse-protection test, some of the positive results 
may actually have been due to the presence of anti- 
body, but the potential interference by small 
amounts of sulfadiazine in the sera renders the 
test inconclusive. 

The most consistently positive results were 
obtained by the agglutination test, in which 35 of 
36 convalescent sera were positive. Agglutinins 
were also encountered, however, during the early 
stage of the disease in some patients, as well as in 
the sera of Group I carriers and contacts. The 
significance of a single observation during the 
course of the disease is therefore doubtful, and the 
chief value of the test lies in the demonstration of 
an actual increase in titer behveen the acute and 
convalescent stages. The complement-fixation 
test yielded fewer positive results in the con- 
valescent sera, but, with the exception of 1 Group 
I carrier, it was only positive within this group. 
The quellung test, by the incubation method, was 
positive in only 6 of 25 convalescent sera, and 
probably indicates a high level of antibody. The 
bactericidal test, although beset with technical 
, difficulties, seemed to be the most sensitive method 
for demonstrating antibody and provided the most 
striking differences between acute and convales- 
cent sera. 

No consistent correlation could be seen be- 
tween the degree of antibody response and the 
severity or duration of illness in this series. Pa- 
tients with relatively mild clinical courses and 
prompt recovery could not be distinguished from 
more severely ill cases on the basis of these tests. 
It should be mentioned, however, that the general 
course in the majority of cases in this series w’as 
approximately the same, and the number of pa- 
tients at either extreme was relatively small. The 
response to sulfonamide treatment was rapid in 


most cases, and only 3 cases of resistant infection 
were observed. One of these patients, who even- 
tually recovered, developed a high level of anti- 
body, as measured by agglutination, complement- 
fixation, and bactericidal tests. The second, an 
infant aged 2 years, had no detectable antibody 
by any of the tests after 3 weeks and died shortly 
thereafter. A third patient, who received thera- 
peutic antiserum, died after 3 days ; the serum on 
the day of death possessed agglutinins in a titer 
of 1 ; 64 and complement-fixing antibody in a titer 
of 1 : 32. The development of specific antibody 
was in no way related to the virulence of the in- 
fecting organisms for mice, nor to their ability to 
suri'ive in fresh normal human serum. 

The results of tests with carrier sera seem to 
cast some light on the problem of the carrier state. 
In the preceding paper (17), it was shown that 
the Group I carrier strains were of the same order 
of virulence for mice as the Group I strains from 
the cerebrospinal fluid of cases. In the present 
study, 4 Group I carriers were found to possess 
antibody levels which were as high as or higher 
than those in convalescent patients. Agglutina- 
tion tests were positive in all, mouse-protection 
tests in 2, and the bactericidal test and comple- 
ment-fixation test each in 1. These obsen^ations 
indicate that the Group I carrier state is, as Rake 
(11) has suggested, an actual infection which may 
remain limited to the nasophaiy^nx. On the other 
hand, the absence of detectable antibody in Group 
II carriers, whose organisms were avirulent, indi- 
cates that such organisms may be passive sapro- 
phytes without potential invasiveness. This prob- 
ably does not apply to Group II carrier strains 
during outbreaks of Group II cases, since Silver- 
thome and his co-workers (10) have shown that 
these organisms may be virulent. 

The results of the agglutination tests with con- 
tact sera have implied that there is some relation 
between the repeated exposure to meningococci 
and the development of specific antibody. It has 
not been shown, however, that this process pre- 
vents the development of meningitis. 

SUMMARY 

1. Several methods have been employed for the 
demonstration of specific antibody in the sera of 
36 patients Avith meningococcal meningitis during 
the acute and com-alescent stages of the disease. 
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and in the sera of 4 Group I carriers, 6 Group II 
carriers, and 59 Group I contacts. 

2. The agglutination test was positive in 33 of 
34 convalescent sera from Group I cases and in 2 
convalescent sera from Group II cases. Aggluti- 
nins were also present in 12 sera in the acute stage, 
but a definite rise in titer between the acute and 
convalescent sera was found in all except 2 pa- 
tients. Agglutinins were shown to appear as early 
as the seventh day and to persist as long as the 
twenty-eighth day. The sera of 4 carriers of 
Group I organisms had agglutinin titers of be- 
tween 1 : 32 and 1 : 128. The sera of 5 of 6 car- 
riers of Group II organisms had no agglutinins for 
homologous or Group I strains. The serum of 1 
Group II carrier had agglutinins for both strains 
in a titer of 1:16. Of 59 normal Group I con- 
tacts, 40 had titers of 1 :8 or lower; 11 of the 19 
contacts with higher titers were found to be con- 
centrated in two households. 

3. The mouse-protection test was found to be 
impractical for use with sera from patients who 
had received sulfonamide therapy, because of the 
protective action of small amounts of drug and 
the difficulty in inhibiting this action with para- 
aminobenzoic acid. Of 2 Group II carrier sera, 
1 protected against 100,000 and the other against 
10 50 per cent lethal doses. Of 14 Group I con- 
tact sera, 1 protected against 100,000 and 1 against 
10 50 per cent lethal doses. 

4. Quell ling was produced by 6 convalescent 
sera from Group I cases when the organisms were 
incubated in the serum for from 2 to 4 hours. 

5. The plate precipitation test was negative with 
4 convalescent sera which possessed Group I anti- 
bod)' by other methods. 

6. The complcmcnt-pxation test was positive in 
16 of 26 convalescent sera from Group I cases. 
Fourteen sera were negative during the acute stage 
of the disease. One of 3 Group I carrier sera was 
positive. Tliirty sera from Group I contacts were 
negative. 

7. Bactericidal tests with the fresh, undiluted 
sera of 3 Group I patients against their own strains 
showed a diminution in bactericidal property dur- 
ing convalescence. The bactericidal action of fresh 
normal serum for a susceptible strain of Group I 
meningococcus was inliibited by the addition of 
convalescent sera from 4 patients, while tlie acute 
sera of these patients was witliout effect. This 


effect was apparently due to a prozone, as will be 
discussed in a later paper on the mechanism of 
bactericidal action against the meningococcus 
(23). With neutral fresh human serum or de- 
fibrinated blood as complement, strong bactericidal 
action was demonstrable with the convalescent 
sera of 4 patients in dilutions ranging from 1 : 600 
to 1 : 6,000. In simultaneous tests, no bactericidal 
action was exerted by serum in the acute stage of 
the disease. One Group I carrier developed bac- 
tericidal action in a serum dilution of 1 : 60, during 
a 3-week period of observation. 

The authors are indebted to Mrs. Muriel' E. Stone and 
Miss Marguerite Buckingham for technical assistance. 

Certain of the strains of meningococci and sera of pa- 
tients used in this study were obtained during a survey of 
epidemic diseases in Halifax, Nova Scotia, undertaken by 
a group from Harvard Medical School, headed by Dr. J. 
Howard Mueller. The assistance and cooperation of Dr. 
A. R. Morton of the Office of Public Health and Wel- 
fare, Halifax, and of Dr. D. J. MacKenzie, Director of 
the Provincial Health Laboratory, are gratefully acknowl- 
edged. 
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The immunological mechanisms which enable 
the infected host to kill the meningococcus have 
constituted an unsettled problem since the earliest 
studies of this organism. It has usually been as- 
sumed that bacteriolysis plays an important role, 
especially since normal sera possess bactericidal 
properties for many strains of meningococci, but 
many investigators have encountered difficulties 
in the demonstration of bactericidal antibodies in 
immune sera. For e.xample, Murray (1) stated 
that immune horse sera failed to exhibit bacterio- 
hdiic antibodies, and suggested that “ the precipitin 
reaction interfered with the result by fixing the 
available alexine.” Gordon (2) found antimenin- 
gococcal sera “ remarkably deficient in bacterio- 
lysin.” Matsunami and Kolmer (3) reported that 
immune sera possessed bactericidal properties of 
low order, and found that higher dilutions of se- 
rum were sometimes more bactericidal than lower 
ones. Silverthome and his associates (4), in re- 
cent years, have applied the bactericidal test to the 
study of patients and immunized animals, employ- 
ing fresh citrated blood for most of the tests, and 
have reported consistent increases in the bacteri- 
cidal power of blood from convalescent patients as 
well as from immunized animals ; these reports do 
not, however, deal with actual titrations of im- 
mune serum in the presence of neutral comple- 
ment. 

Because of the frequent finding of strong bac- 
tericidal activity in fresh, undiluted normal serura,^ 
the bactericidal test assumes greater significance 
as a quantitative measure of antibody when bac- 
tericidal property can be demonstrated in consider- 
able dilutions of antiserum. The present com- 

^ This study was aided in part by a grant from the Wil- 
liam W. Wellington Memorial Research Fund. 

- Fellow of the Frederick Tilney Memorial Fimd. 

® Heremafter the term “ fresh serum ” will indicate 
fresh undiluted serum. 


munication is concerned with the conditions tmder 
which such a test is possible, and also with the 
effect of excessive amounts of specific antibodj' 
upon the bactericidal mechanism in vitro and in 
vivo. The application of the bactericidal test to 
the study of antibody formation in human beings 
has been described in the preceding paper (5). 

MATERIAL AND METHODS 

Bactericidal test. The method was similar to that em- 
ployed in a previous study of the influenza bacillus (6). 
The various strains of meningococci used in the experi- 
ments were maintained in storage on carbon-dioxide ice, 
each strain being suspended in milk and distributed in a 
large number of sealed pyrex tubes. During each week, 
the strains were maintained by daily transfers on blood 
agar or serum-dextrose agar slants; at the end of the 
week, these strains were discarded and a new lot removed 
from storage. For each test, the organisms were grown 
for 6 hours on serum-dextrose agar slants, or, in some of 
the experiments, on casein-hj-drolysate starch-agar me- 
dium. Suspensions of this growth were made in broth, 
and 10-foId serial dilutions were prepared in broth. The 
turbidity of the original suspension was adjusted by means 
of a photoelectric turbidometer so that 0.1 ml. of the KF* 
dilution contained approximately 100 organisms. Plate 
counts were also carried out, using the ICri and lO"' dilu- 
tions, as an additional check on the number of organisms. 

The materials used in the tests were mixed in the fol- 
lowing proportions : complement, 0.25 ml.; heat-inactivated 
antiserum, 0.05 ml.; dilutions of organisms from 10^ to 
10^, 0.05 ml. In twts of the bactericidal action of fresh 
serum or defibrinated blood, volumes of 0.25 ml. were 
mixed with 0.05 ml. of organisms. The mixtures were 
made in small pyrex tubes which were then sealed and 
placed in an automatic rotator in an incubator. Twenty 
hours was adopted' as the time of incubation in all the 
tests, after which the tubes were opened, the contents 
-thoroughly mixed, and approximatelj- 0.05 ml. from each 
tube planted on the surface of a blood agar plate. The 
presence of any growth on the plate was taken to indicate 
the absence of bactericidal propertj' in the serum tested 
for the number of organisms inoculated. 

Complement. Fresh normal serum or defibrinated blood 
was obtained from healthy adults with no history of pre- 
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vious meningococcal infection or exposure. Fresh rabbit, 
guinea pig, and horse sera were also employed as comple- 
ment. The sera were always used within a few hours 
after bleeding, and were kept on ice during the interim. 

Antisera. The following antisera were used in the ex- 
periments: (i) several samples of commercial Group I 
rabbit antiserum, refined and concentrated,^ (2) Group I 
horse antiserum, unconcentrated,® (3) convalescent serum' 
from a number of patients with Group I meningococcal 
meningitis, and (4) several lots of serum prepared in 
this laboratory by the immunization of rabbits and guinea 
pigs with single strains of Group I meningococci, recently 
isolated from the cerebrospinal fluid of patients. The 
method of immunization consisted of daily injections, 
intravenously in rabbits and intraperitoneally in guinea 
pigs, of 1.0 ml. of a turbid saline suspension of living or- 
ganisms, in 5-day courses, with rest intervals of 4 to 5 
days between each course. The animals were bled 1 week 
or more after the last immunizing dose. The antisera 
were inactivated by heating at 56° C. for 30 minutes. 

Titrations of hemolytic complement. These were per- 
formed in some of the experiments. The following 
method was used : Varying quantities of the serum to be 
tested were diluted in normal saline so as to make a final 
volume of 0.5 ml. To this were added 2 units of ambo- 
ceptor contained in 0.5 ml. of saline, and 0.5 ml. of a 2 per 
cent suspension of washed sheep red corpuscles. The mix- 
tures were incubated at 37.5° C. for 30 minutes. The last 
tube in which complete hemolysis occurred was selected as 
the endpoint. For convenience, the titer of complement 
has been expressed in units which represent the reciprocal 
of the final dilution of fresh serum. 

RESULTS 

I. The bactericidal action of normal and immune 

sera 

The bactericidal properly of normal serum for 
meningococci 

Different strains of meningococci exhibited wide 
differences in their susceptibility to the bactericidal 
action of tlie same sample of fresh normal human 
serum. These differences could not be correlated 
with the virulence of the organisms for mice, nor 
with the serological grouping of the strains. A 
detailed account of this observ^ation has been pre- 
sented in the first paper of this series (7). 

Some variation was also encountered in the bac- 
tericidal potency of fresh serum from different nor- 
mal individuals. This variation was not, however, 
as striking as the differences in susceptibility be- 
tween the strains themselves. The sera of 4 in- 

* Supplied by The Lcderle Laboratories, Inc. 

® Supplied by Dr. Leo Ranc, of the Massachusetts State 
Antitoxin Laboratory. 


fants between the ages of 6 months and 1 year 
were somewhat less bactericidal than the sera of 
adults, but even these infant sera possessed strong 
bactericidal action for 1 virulent strain of Group I 
meningococcus (Strain No. 30). Fresh serum 
from normal rabbits had approximately the same 
degree of bactericidal action for meningococci as 
adult human serum. Fresh guinea pig serum, as 
previously shown by Silverthorne (8), produced 
bacteriolysis of Group I meningococci with regu- 
larity, but not of Group II organisms. 

The bactericidal action of normal serum ap- 
peared to be dependent upon the presence of com- 
plement, since it disappeared in every instance 
when the serum was heated at 56° C. for 30 min- 
utes. This was demonstrated with 3 different 
strains, all of which were susceptible to the bac- 
tericidal action of fresh human, rabbit, and guinea • 
pig serum. 

In general, it was possible to divide Group I 
meningococci into two main classes, based upon 
the bactericidal action of normal human and rab- 
bit serum, namely, resistant and susceptible 
strains. The line of division between these two 
groups was not sharply definable, since occasional 
normal sera were encountered which failed to kill 
the generally susceptible strains, while others 

TABLE I 


Comparison of the iactericidal action of fresh serum and 
defibrinated blood of 7 normal individuals with the 
resistant strain of Grotip I menmgococcus (No. 21) 


Person 

Test 

Dilution of organisms * 

io-> 

io-» 

10-’ 

io-< 

lO-s 

io-» 

T. 

Serum 

+ 

+ 

4- 

+ 

+ 

+ 


Blood 

-t- 

+ 

0 

0 

0 

0 

G. 

Serum 

4- 

+ 

4- 

4- 

4- 

4- 


Blood 

+ 

+ 

0 

0 

0 

0 

B. 

Serum 

+ 

+ 

4- 

4- 

0 

0 


Blood 

0 

0 

0 

0 

0 

0 

Ms. 

Serum 

+ 

+ 

4- 

1 4- 

4- 

4- 


Blood 

+ 

+ 

4- 

4- 

4- 

4* 

Ro. 

Serum 

+ 

1 + 

4- 

4- 

4- 

4- 


Blood 

+ 

+ 

4- 

4- 

4- 

4- 

Hs. 

Serum 

+ 

+ 

4- 

4- 

4- 

4- 


Blood 

+ 

4- 

4- 

4- 

4- 

4- 

St. 

Serum 

+ 

+ 

4- 

4- 

4- 

4- 


Blood 

+ 

4- 

4- 

4- 

4- 

+ 


* 0.05 ml. of 10"^ dilution = 50 organisms. 

+ = Growth. 0 = No growth. 
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caused bacteriolysis of tlie generally resistant 
strains. Despite this fle-xiliility, however, this 
rough classification was found to he useful, since 
the two groups presented important differences 
in the bactericidal tests with immune sera. 

Two representative Group I strains were se- 
lected for the experiments to follow, designated as 
strain No. 2 (usually susceptible) and strain No. 
21 (usually resistant). 

The bactericidal property oj normal defibrinated 
blood 

In some normal individuals, the bactericidal ac- 
tion of defibrinated blood was the same as that of 
fresh serum. In others, strong bactericidal activ- 
ity for the resistant strain was present in defibrin- 
ated blood and absent in serum. These differences 
between individuals are illustrated in Table I. 

The effect oj immune scrum in the bactericidal test 
with the resistant strain (iVo. 21) 

The bactericidal action of heat-inactirated rab- 
bit antiserum for the resistant strain was tested 
in the presence of human complement, rabbit com- 

TABLE II 


Bactericidal tests with the resistant strain (No. 21), using 
rabbit antiserum in presence of different types of 
complement 


Complement 

Antiserum 
dilution t 

Dilution of organisms * 

10-1 

10-1 

10-1 

io-‘ 

10-* 

10~* 


1-60 

4" 

+ 

+ 



+ 

Kabbit 

1-600 

+ 

+ 

4 - 

+ 

4- 

0 

serum 

1-6000 

+ 


0 

0 

6 

0 

diluted 

1-30,000 

+ 

+ 

+ 

0 

0 

0 

1-2 

1-60,000 

+ 

+ 

+ 

0 

0 

0 


None 

+ 


+ 

-f- 

+ 

+ 


1-6 

+ 

+ 

+ 

+ 

+ 

+ 


1-60 

+ 

+ 

+ 

+ 

+ 


Human 

1-600 

+ 

+ 

4- 

+ 

4- 

+ 

serum 

1-6000 

+ 

+ 

4 - 

+ 

4 - 

+ 

diluted 

1-60,000 

+ 

+ 

+ 

+ 

+ 

+ 

1-2 

1-300,000 

+ 

+ 

+ 

+ 

+ 

+ 


1-600,000 

+ 

+ 

+ 

+ 

+ 

+ 

. 

None 

+ 

4- 

+ 

+ 

+ 

+ 


1-600 

+ 

+ 


+ 

0 

0 

Human 

1-3000 

+ 

0 

0 

0 

0 

0 

defi- 

1-6000 


0 

0 

0 

0 

0 

brinated 

1-30,000 

+ 

0 

0 

0 

0 

0 

blood 

1-60,000 

4- 

+ 

+ 

0 

0 

0 


None 

+ 

+ 

4- 

1 

-b 

+ 

0 


* 0.05 ml. of 10“* dilution = SO organisms. 

+ = Growth. 0 = No growth, 

t Expressed as final dilution. 


plement, and normal human defibrinated blood. 
The following results were obtained : 

(7) With rabbit serum as complement, strong 
bactericidal action was produced by rabbit anti- 
serum in dilutions as high as 1 : 60,000. A con- 
spicuous prozone was present (Table II). 

(2) With human serum as complement, no 
bactericidal action was demonstrable in any dilu- 
tion of rabbit antiserum (Table II). 

(3) With normal human defibrinated blood as 
complement, however, bactericidal action was pro- 
duced b)' high dilutions of rabbit antiserum, again 
with a prozone (Table II). 

(4) Bactericidal antibod}"- could be demon- 
strated in human convalescent serum in the pres- 
ence of human defibrinated blood, but not when 

TABLE m 


Bactericidal tests with the susceptible (No. 2) and resistant 
(No. 21) strains of Group I meningococcus with human 
complement lacking bactericidal action for strain No. 2 


Strain 

Dilution 

of 

rabbit 

antiserum 

Dilution of organisms ♦ 

10-1 

10-* 

10-1 

10-1 

10-s 

io-< 


1-60 

4 - 

+ 

-h 

4 - : 

4 - 

-f" 


1-600 

t 

+ 

0 

6 

0 

0 

No. 2 

1-6000 

4 - 

+ 

0 

0 

0 

0 


1-60,000 

+ 

+ 

+ 

0 

0 

0 


None 

+ 


4 - 

1 

+ 

+ 

+ 


1-60 

4 - 

1 

+ 

4 . 

+ 

+ 

+ 


1-600 

+ 

+ 

4 - 

+ . 

4 - 

+ 

No. 21 

1-6000 

+. 

+ 

+ 

+ 

t 

-r 

+ 


1-60,000 

+ 

+ 

1 

-r 

+ 

+ 

+ 


None 

+ 

+ 

+ 

4 - 

1 

~r 

+ 


* 0.05 ml. of 10“* dilution = 50 organisms. 

+ = Gronth. 0 = No growth. 


human serum was employed as complement. 
These results have been presented in detail in the 
preceding paper (5). 

The effect oj immune serum in the bactericidal test 
with the susceptible strain (^No. 2) 

It has already been mentioned that an occa- 
sional normal human serum was encountered 
which lacked bactericidal action against the sus- 
ceptible strain. When the fresh serum of such an 
individual was used as complement, strong bac- 
tericidal action was demonstrated in dilutions of 
rabbit antiserum. In a simultaneous test, the 
same complement was ineffective against the re- 
sistant strain (Table III). 
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Bactericidal antibody was also demonstrated in 
human convalescent serum by this method (5). 

The bactericidal action of fresh immune serum 

The fresh sera of a number of rabbits were 
tested for bactericidal action with the resistant 
(No. 21) and susceptible (No. 2) strains, before 
and after active immunization with Group I 
meningococci. A similar experiment was per- 
formed with a guinea pig. The results were as 
follows : 

(i) Light immunization against the resistant 
strain resulted in the development of good bac- 
tericidal action for this organism in the fresh 
serum of 2 rabbits. One animal received a single 
intravenous injection of organisms and was bled 
9 days later (Rabbit 39). The second rabbit was 
given 7 injections and was bled one week after 
the last dose (Rabbit 12) (Table IV). 

TABLE IV 

Bactericidal action of fresh immune rabbit sera for the 
resistant strain {No. 21) following immunization 
with this strain 


Rabbit 

number* 

Number 
of injec- 
tions of 
antigen 

Dilution of organisms t 

10-' 

10-1 

10-1 

10-' 

1 

10-1 

io-» 

39 

1 

+ 

+ 

0 

0 

0 

0 

12 

7 

-f- 

-b 

0 

0 

0 

0 

7 

19 

-b 

-b 

+ 

-b 

-b 

+ 

3 

32 

-b 

-b 

-b 

+ 

-b 

+ 

Normal 

0 

-b 

-b 

-b 

-b 

+ 

+ 


* Sera diluted 1-2. 

t 0.05 ml. of 10”* dilution = 50 organisms. 

+ = Growth. 0 = No growTh. 


(2) Heavy immunization against the resistant 
strain, consisting of 19 injections in one rabbit 
(Rabbit 7) and 32 injections in another (Rabbit 
3), resulted in no demonstrable bactericidal action 
in the fresh scrum (Table IV). 

(5) Heavy immunization against the suscep- 
tible strain, amounting to at least 20 injections 
of organisms, resulted in the loss of bactericidal 
action in the fresh serum of 3 rabbits (Table V), 
Furthermore, bactericidal action for this strain 
was also lacking in tlie fresli sera of the 2 rabbits 
which were heavily immunized against the re- 
sistant strain. 

(•/) The sera of these 5 heavily immunized rab- 
bits, although devoid of bactericidal action when 
undiluted or diluted 1 : 2, contained abundant bac- 


TABLE V 

The loss of bactericidal action in fresh serum for the 
susceptible strain {No. Z) following prolonged 
immunization 


Animal 

Number of 
Injections 
of 

antigen 

Dilution of organisms * 

10-' 

10-1 

10-1 

10-* 

10-1 

10-1 

Rabbit 

0 

30 

+ 

-b 

-b 

+ 

0 

+ 

0 

-b 

0 

-b 

0 

-b 


0 

-b 

+ 

+ 

0 

0 

0 

Rabbit 

12 

+ 

+ 

-b 

-b 

0 

0 


32 

-b 

+ 

-b 

-b 

+ 

-b 


0 

-b 

+ 

-b 

0 

0 

0 

Rabbit 

12 

-b 

+ 

-b 

0 

0 

0 


32 

-b 

-b 

-b 

-b 

-b 

-b 

Guinea pig 

0 

32 

0 

-b 

0 

-b 

0 

-b 

0 

-b 

0 

-b 

0 

0 


* 0.05 ml. of 10 * dilution = SO organisms. 

-b = Growth. 0 = No growth. 


tericidal antibody. This could be demonstrated 
by inactivating and diluting each serum in the 
presence of normal rabbit complement, and test- 
ing with the resistant strain. In each instance, a 
prozone was present with dilutions as high as 
1 : 60, but strong bactericidal action was exerted 
by dilutions of 1 : 600 and 1 : 6,000. An illus- 
trative titration is shown in Table VI. 

No bactericidal action was present in any dilu- 
tion of the fresh immune sera in normal saline, 
nor in normal rabbit serum which had been in- 
activated. The reason for this may be that dilu- 
tions of fresh serum which were within the range 
of complement activity were also within the range 
of the prozone. It may be added that titrations 

TABLE VI 


The bactericidal action of fresh immune rabbit serum for the 
resistant strain {No. 21) compared with dilutions of the 
same serum in the presence of normal rabbit complement 


Test 

Dilution of 
antiserum 

Dilution of organisms ♦ 

10-' 

10-1 

10-1 

10-< 

10-1 

10'* 

Fresh anti- 
serum 

Undiluted 

+ 

+ 

+ 

-b 

-b 

-b 

Normal rab- 
bit comple- 
ment di- 
luted 1-2 

1-60 

1-600 

1-3000 

1-6000 

+ 

4 * 

+ 

+ 

-b 

-b 

-b 

-b 

+ 

0 

+ 

+ 

1 

-b 

0 

0 

0 

-b 

0 

0 

0 

-b 

0 

0 

0 

Normal rabbit comple- 
ment alone 

I + 

+ 

I 

' -b 

-b 

+ 

-b 


• 0.05 ml. of 10”* dilution = 50 organism!?. 

-f = Growth. 0 » No growth. 
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of liemolytic complement in these immune sera 
revealed no diflerence from the complement titers 
of nonnal rabbit sera. 

(5) A guinea pig, which was immunized with 
the resistant strain for a total of 32 injections, 
showed an almost complete loss in the bactericidal 
action of his fresh serum for this strain (Table V). 
As in the case of the immune rabbit sera, the addi- 
tion of 1 ; 6,000 dilutions of this animal’s immune 
serum, inactivated, to nonnal rabbit complement, 
resulted in strong bactericidal action. 

The fresh serum and defibrinated blood of 2 
horses, which had undergone immunization with 
linng Group I meningococci during the preceding 
year, were tested for bactericidal action against 
the resistant and susceptible strains. The organ- 
isms sur\'ived in dilutions of lO"'* in the serum 
and blood of both horses. When the sera were 
inactivated and tested in the presence of fresh 
nonnal horse serum M-ith the resistant strain, no 
bactericidal action occurred. However, when nor- 
mal horse defibrinated blood was employed in- 
stead of serum as complement, killing of this strain 
took place with antiserum in dilutions of 1 : 60,000. 
^ A prozone was observ-ed. 

During the course of immunization, one of the 
immunized horses developed bacteremia, due to a 


TABLE \TI 

Comparison of the inhibitory effect of 2 rabbit antisera upon 
the bactericidal action of normal rabbit serum 


Immune 

serum 

Dilution 

Diiution of organisms * 

10-1 

10-5 

lO-J 

10-< 

io-» 

10-* 


1-12 

+ 

+ 

+ 

+ 

+ 

-t- 


1-24 

+ 

4- 

+ 

+ 

+ 

O- 


1^8 

+ 

4- 

+ 

+ 

+ 

0 

Rabbit A 

1-96 

+ 

4“ 

+ 

+ 

0 

0 

1-192 

+ 

+ 

0 

+ 

0 

0 


1-384 

+ 

+ 

0 

-1- 

0 

0 


1-768 

+ 

-t- 

0 

0 

0 

0 


1-1536 

+ 

4" 

0 

0 

0 

0 


1-12 

+ 

"h 

+ 

+ 

+ 

+ 


1-24 

+ 

4- 

+ 

-1- 

+ 

+ 


1^8 

+ 

4- 

+ 

+ 

+ 

-f 

Rabbit B 

1-96 

+ ■ 

+ 

+ 

+ 

+ 

+ 

1-192 

+ 

+ 

+ 


+ 

+ 


1-384 

+ 

+ 

4- 

■i- 

4" 

+ 


1-768 

+ 

+ 

0 


0 

0 


1-1536 

+ 

+ 

+ 

6 

0 

0 

Control — Comple- 
ment alone 

+ 

-t- 

0 

0 

0 

0 


*0.05 ml. of 10“* dilution = 50 organisms. 

+ = Growth. 0 = No growth. 


strain of Group I meningococcus. The fresh se- 
rum of this animal was completely lacking in bac- 
tericidal property for this strain. 

Observations which are considered to be analo- 
gous to these results with animal sera were made 
in 3 patients during the course of Group I menin- 
gococcal infection (5). The fresh serum of each 
patient was tested for bactericidal action against 
his own strain of meningococcus during the acute 
and convalescent stages of the disease. Each pa- 
tient was found to have good bactericidal action 
during the acute stage, which disappeared almost 
completely during convalescence. At the latter 
time, each of the patients had developed specific 
agglutinins and complement-fixing antibodies. 
Furthermore, bactericidal antibodies were demon- 
strable when the convalescent sera were diluted 
and added to normal human defibrinated blood. 

II. The inhibitory effect of immune sera upon the 
bactericidal action of normal sera, for 
Group I meningococci 

The foregoing experiments have indicated that' 
antisera for Group I meningococci contain demon- 
strable bactericidal antibodies, but these are readily 
masked by a prozone which may occur in the 
fresh imdiluted antiserum as well as in dilutions 
of inactivated antiserum plus normal complement. 
The loss of natural bactericidal action in fresh 
serum, following immimization, suggested that 
this prozone was due to actual inhibition by anti- 
body excess rather than simply the passive failure 
of bactericidal antibody to ftmetion. It was then 
of interest to determine whether similar inhibition 
could be induced by the addition of immune serum 
to fresh normal serum. 

When rabbit antiserum, inactivated by heating, 
was added to fresh normal rabbit serum, the bac- 
tericidal action of the latter for the susceptible 
strain disappeared. The degree of inhibitoiy ef- 
fect appeared to be related to the antibody titer of 
the antiserum, as is shown in Table VII. Anti- 
serum A, with a complement fixation titer of 1 : 64, 
caused complete inhibition when diluted 1 : 24 and 
incomplete inhibition in higher dilutions as far as 
1 ; 384. Antiserum B, with a complement fixation 
titer of 1 : 2048, produced complete inhibition in a 
dilution of 1:384, and incomplete inhibition in 
dilutions as high as 1 : 1536. 
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A similar inhibitory effect was exerted by rab- 
bit antiserum upon the natural bactericidal action 
of fresh normal human and guinea pig sera. 
Several samples of horse antiserum also produced 
inhibition. Convalescent sera from 4 patients 
with Group I meningococcal meningitis caused in- 
hibition of the bactericidal action of normal hu- 
man serum, as was shown in the preceding paper 
(5). No inhibition of natural bactericidal action 
was observed with numerous normal serum con- 
trols, nor with horse antisera for pneumococcus 
Type II, Friedlander’s bacillus, and H. influenzae, 
nor with the convalescent serum of 6 patients 
with pneumococcal pneumonia. 


TABLE vm 

The inhibitory effect of rabbit antiserum in varying 
diUitions of fresh normal serum 


Complement 

dilution 

Antiserum 

dilution 

Dilution of organisms * 

10-1 

10-2 

10-’ 

1 

1Q~* 

1 

10-fi 

10-« 


1-6 

+ 

+ 

0 

0 

0 

0 

Undiluted 

1-60 

1-600 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


None 

0 

0 

0 

0 

0 

0 


1-6 

+ 

+ 

+ 

-k 

+ 

+ 

1-2 

1-60 

+ 

0 

0 

0 

0 

0 

1-600 

-t- 

+ 

0 

0 

0 

0 


None 

+ 

-H 

0 

0 

0 

0 


1-6 

+ 

+ 1 

+ 

+ 

-f- 

+ 

1-4 

1-60 

+ 

+ 

0 

0 

0 

0 

1-600 

-f- 

•f 

0 

0 

0 

0 


None 

+ 

+ 

+ 

+ 

0 

0 


* 0.05 ml. of 10“® dilution = 50 organisms. 

= Growth. 0 = No growth. 


No inhibitor}’’ effect of antiserum could be dem- 
onstrated in some samples of fresh normal serum 
which were possessed of a very high degree of 
natural bactericidal action. It was found that the 
inhibition was more striking with 1 : 2 dilutions of 
normal serum than when the latter was used un- 
diluted. In higher dilutions of normal serum, the 
natural bactericidal property diminished rather 
abruptly, and the addition of dilutions of anti- 
serum produced some enhancement of bactericidal 
action while the zone of inhibition became recog- 
nizable as a prozone (Table YIII), 

The rabbit antisera used in the foregoing tests 
had no auti-complementar}- effect upon fresh 
nonnal rabbit or guinea pig serum. An experi- 
ment was conducted to detennine whether the in- 


hibitory effect of antiserum was caused by fixation 
of complement in the normal serum through the 
interaction of specific antibody with antigen. 
Tubes containing fresh normal rabbit serum, and 
fresh normal serum plus inactivated rabbit anti- 
serum, were inoculated with the 10'® broth dilu- 
tion of the susceptible strain. The tubes were 
then incubated in a candle-jar for 2 hours, after 
which plate counts were made with 0.1 ml. from 
each tube. Titrations of hemolytic complement 
were performed before and after incubation. It 
was found that complete killing of the organisms 
had taken place in the fresh normal serum, while 
the plate count from the tube containing normal 
serum plus antiserum showed 260 colonies in 0.05 
ml. The titer of hemolytic complement remained 
approximately the same in both tubes, indicating 
that the survival of organisms in the presence of 
specific antiserum was not caused by the fixation 
of complement. 

The inhibitory effect of rabbit antiserum was 
sharply reduced by absorption with Group I or- 
ganisms. This was shown with 3 different 
samples of antiserum, which were inactivated by 
heating and mixed with an equal volume of a 
turbid suspension of washed meningococci. The- 
mixtures were incubated for 2 hours at 37.5° C. 
and kept in an icebox for 18 hours. Three 
samples of normal rabbit serum were similarly 
treated. Following absorption, each serum was 
filtered through a Seitz pad and tested for its 
effect upon the bactericidal action of fresh normal 
rabbit serum. Simultaneous tests were made 
with 1 : 2 dilutions of the original, unabsorbed 


TABLE IX 

The reduction in the inhibitory action of immune rabbit serum 
following absorption with Group I meningococci 


Comple- 

ment 

1 


Dilution of organisms * 


serum 

10-’ 

10-2 

io-» 

10-' 

io-‘ 

10'* 


Normal before 

0 

0 

0 

0 

0 

0 

Fresh, 

absorption 
Normal after 

0 i 

0 

0 

0 

0 

0 

normal 

rabbit 

absorption 
Immune before 

+ 

+ 

+ 

+ 

-k 

-k 

serum, 

diluted 

absorption 
Immune after 

+ 

+ 

+ 

0 

0 

0 

1-2 

absorption 

Complement 

alone 

+ 

0 

0 

1 

i 

0 

0 

0 


* 0.05 ml. of 10“* dilution = 50 organi-sms. 

-f = Growth. 0 = No gro-wth. 
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TABLE X 


The bactericidal action and complement titer of rabbit serum before and after 
the injection of antiserum and normal human globulin 


Material 

injected 

Experiment 

number 

Strain 

Dose 

of 

antiserum 

Time 

Dilution of organisms 

Complement 







(units)* 




{ml.) 


10-1 

10-1 

10-1 

10-1 

lO-i 

10-1 


1 

21 

0.1 

Before 

+ 

+ 

+ 

+ 

+ 

+ 






After 

+ 

+ 

0 

0 

0 

0 

mm 


2 

21 

o.s 

Before 

+ 

+ 

+ 

4* 

-f- 

+ 

25 





After 

+ 

+ 

0 

0 

0 

0 

25 


3 

21 

1.0 

Before 

+ 

+■ 

+ 

+ 

-f- 

+ 

25 

Horse 

antiserum 




After 

+ 

+ 

+ 

-f- 

-f- 

+ 

25 

4 

1 

2 

10.0 

Before 

+ 

-t- 

+ 

0 

0 

0 

15 


! 



After 

+ 

+ 

+ 

+ 

+ 

+ 

15 


1 

1 

None 

Before 

+ 

+ 

+ 

+ 

+ 

+ 

5 




0.1 

After 

+ 

+ 

0 

0 

0 

0 

5 




0.5 

After 

+ 

0 

0 

0 

0 

0 

5 


5 

21 

1.0 

After 

-f- 

-f 

+ 

+ 

0 

0 

5 




2.5 

After 

+ 

+ 

+ 

+ 

+ 

-f- 

5 




5.0 

After 

+ 

+ 

+ 

+ 

+ 

+ 

5 


6 

21 

0.1 

Before 

+ 

+ 

+ 

+ 

+ 

+ 

25 





After 

+ 

+ 

0 

0 

0 

0 

25 


7 

21 

0.5 

Before 

+ 

+ 

+ 

+ 

+ 

+ 

5 


1 

1 


After 

+ 

+ 

0 

0 

0 

0 

<3 


8 

21 

1.0 

Before 

+ 

+ 

+ 

+ 

+ 

0 

15 

Concen- 

1 



After 

1 1 

+ 

+ 

0 

0 

0 

0 

<3 












trated 

9 

21 

2.5 

Before 

+ 1 


+ 

+ 

+ 

+ 

7.5 

rabbit 

antiserum 




After 

1 

+ 

+ 

+ 

+ 

+ 

+ 

<3 

10 

21 

5.0 

Before 

+ 

+ 

+ 

+ 

+ 


5 






After 

+ 

+ 

+ 

+ 

+ 

-t- 

<3 


11 

2 

2.5 

Before 

+ 

+ 


0 

0 

0 

7.5 





After 

+ 

+ 

+ 

+ 

+ 

+ 

<3 


12 

2 

5.0 

Before 

+ 

' + 

0 

0 

0 

0 

5 




1 

After 

+ 

+ 

+ 

+ 

+ 

+ 

<3 

1 

i 

13 

2 

0.1 

Before 

+ 

+ 

0 

0 

0 

0 

15 

1 




After 

+ 

+ 

+ 

1 0 

1 

0 

0 

15 

1 

on St rat Lo i,j 
which were 

14 

2 

0.5 

Before 

+ 


0 

0 

0 

0 

7.5 


After 

+ 

+ 

+ 

0 

0 

0 

5 










0 

+ 

7.5 

<3 

natural bacte, 
inhibition was 

15 

2 

1.0 

Before 

After 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

0 

+ 




Before 




0 

0 

0 

7.5 

I 

normal serum 

16 

7 

5.0 


+ 

0 




After 

+ 

+ 

+ 

+ 

+ 

+ 

<3 

diluted, in mg 

21 

5.0 

Before 


+ 

“t* 

+ 

0 

0 

15 

natural bacteric. 

After 

+ 

+ 

+ 

+ 

+ 

+ 

15 

abruptly, and 

^ 18 

21 

10.0 

Before 

-F 

+ 

+ 

+ 

+ 

+ 

15 

serum produced sc 

1 

After 

+ 

+ 

-f- 

-f- 

+ 

+ 

15 

action while the zo.^ 

21 

20.0 

Before 

- 1 - 

+ 

+ 

+ 

+ 

+ 

25 

nizable as a prozon 



After 

4 - 

+ 

4* 

+ 

+ 

+ 

25 

The rabbit antiser. 

9 

5.0 

Before 

+ 

+ 

+ 

0 

0 

0 

15 

had no anti-complei. 


After 

+ 

+ 

0 

0 

0 

0 

15 

normal rabbit 

or gum 

2 

lO.O 

Before 

+ 

0 

0 

0 

0 

0 

15 

merit was conducted to | 

.After 

-f 

+ 

+ 

0 

0 

0 

15 


n hns been expressed in units which represent the reciprocal of the highest final dilution 


mplete hemolysis. 
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17 and 21). The agglutinin titer of this serum 
was I ; 640. 

The results of the injection of 25 cc. of con- 
centrated rabbit antiserum in a normal man are 
shown in Table XI. Xo eftect on hemolytic com- 
plement was obser\-cd following the injection, al- 
though this was the same lot of serum which had 
previously been shown to be highly anticomple- 
mentary in rabbits. Tire bactericidal property of 
fresh serum and defibrinated blood for the suscep- 

TABLE XI 

Tki badericsdcl aclion of kuman serum and defibrinated 
blood for the susceptible {No. Z) and resistant (No. 21) strains 
of_ Group I meningococci, before and after the injection of 
25 ml. of concentrated rabbit antiserum 


Strain 

1 Material 

1 tested 

1 

1 

Time 

[ Dilution of organism* • 

1 

10-* 

10“^ 

10-* 

io-< 

I0-* 

io-< 


Serum 

Before 

0 

0 

0 

0 

0 

0 


1-2 

.4fter 

+ 

4- 

4- 

4- 

0 

0 

2 



















Defibrinated 

Before 

0 

0 

0 

0 

0 

0 


blood 

After 

1 


4- 

0 

0 

0 

0 


Serum 

Before 

+ 

■f 

-L 



4* 

21 

1 

1-2 

After 

+ 

4- 

4 - 

4- 

4- 

4 " 

Defibrinated 

Before 

+ 

4- 

4- 



0 


blood 

After 


4- 

0 

6 

0 

0 


* 0.05 ml. of 10"* dilution = 50 organisms. 

+ — Growth. 0 = No growth. 


tible strain (No. 2) was definitely diminished 30 
minutes after the injection. At the same time, 
however, a notable increase occurred in the bac- 
tericidal action of defibrinated blood for the re- 
sistant strain (No. 21). No killing of the latter 
strain occurred in the serum alone. Comparable 
results were obtained when a second individual 
was injected with 40 cc. of concentrated rabbit 
antiserum ; the titer of hemolytic complement also 
remained the same in this subject. 

IV . The effect of active and passive immunization 
upon the duration of induced bac- 
teremia in rabbits 

Active immunization 

Three rabbits which had been actively immun- 
ized against Group I meningococci by 32 injec- 
tions of living organisms, and 3 normal control 
rabbits of the same weights, were injected intra- 
venously with 1.0 ml. of a freshly prepared turbid 


suspension, in saline solution, of the resistant 
strain (No. 21). Blood cultures were made by 
allowing approximate!}' 0.5 ml. of blood to drop 
from an incised ear vein into 5.0 ml. of broth. 
Cultures were made at 30 minutes, 1 hour, 4 
hours, 8 hours, 24 hours, and 48 hours after the 
injection of organisms. 

A considerable variation in resistance to bac- 
teremia was encountered in both groups of ani- 
mals, but the immunized rabbits did not appear to 
be significantly different from the normal controls. 
In the 3 immune rabbits, the last positive cultures 
were obtained at 4 hours in 2, and at 8 hours in 
the third. In the control rabbits, the last posi- 
tive cultures were obtained at 1 hour, 8 hours, and 
24 hours. 

Passive immunization 

Three rabbits were injected intravenously with 
5,0 ml. of concentrated rabbit antiserum, knov^-n 
to be anti-complementaiy ; 30 minutes later, each 
rabbit received 1.0 ml. of a freshly prepared tur- 
bid suspension, in saline, of the susceptible strain 
(No. 2). At the same time, 3 control rabbits 
were given the same dose of organisms. Blood 
cultures were made at intervals, as in the pre- 
ceding experiment. 

Meningococci were not cultured from the blood 
of any of the control animals. One of the rab- 
bits which received antiserum had a positive cul- 
ture at 8 hours, the second rabbit at 24 hours, 
and the third at 48 hours.' 

In a similar fashion, 2 rabbits were given anti- 
meningococcal horse serum (Massachusetts No. 
758), intravenously, in doses of 5 ml. and 10 ml;, 
respectively. This antiserum was known to have 
no anti-complementaiy' effect. Blood cultures 
taken from these and 2 control rabbits after in- 
jection of the organisms gave the following re- 
sults: the 2 rabbits receh-ing antiserum had bac- 
teremia at 4 hours but not at 8 hours or there- 
after. Meningococci were not obtained from the 
blood of either of the normal control rabbits in 
any of the cultures. 

DISCUSSION 

The nature of the agent which is responsible 
for the bactericidal action of normal serum for 
the meningococcus is not clearly understood. It 
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appears to resemble bactericidal antibody, as Gor- 
don and Hoyle have shown, since it requires com- 
plement for its function, can be reactivated by the 
addition of complement after heating, and may be 
removed by absorption with specific antigen (9). 
However, the frequency of its appearance in pre- 
sumably normal sera, the extraordinary variability 
in the susceptibility of different strains of the 
same serological group to its action, and its uni- 
form presence in guinea pig serum for Group I 
organisms, might cause doubt as to its specificity 
as an immunological response to previous infec- 
tion. This doubt is increased by certain observa- 
tions made in this investigation; that fresh un- 
diluted sera from immunized animals and con- 
valescent human patients may be completely lack- 
ing in bactericidal action, and the addition of im- 
mune serum to normal serum results in the in- 
hibition of the bactericidal action of the latter. 
An explanation for all these observations would 
require a more complete knowledge of the prozone 
phenomenon than is now available, although the 
prozone alone is apparently responsible in some 
instances. Moreover, it seems evident that the 
presence of bactericidal action in fresh, undiluted 
serum is not a reliable index of the formation of 
specific antibody. 

On the other hand, it has been demonstrated 
that a very high order of bactericidal antibody is 
present in immune sera and can be easily detected 
if the proper conditions are present. These condi- 
tions are (i) the strain of meningococcus must 
be selected on the basis of its susceptibility to 
bacteriolysis. If a generally susceptible strain is 
employed, bactericidal antibody can be demon- 
strated in the presence of a non-bactericidal com- 
plementing serum. If a resistant strain is used, 
a difference between the effectiveness of comple- 
ment from different species becomes apparent, i.e., 
rabbit complement is effective while human com- 
plement is not. At the same time, a second 
mechanism can be brought into action against the 
resistant strain, involving the use of defibrinated 
blood instead of serum alone; (2) the appropriate 
normal serum or defibrinated blood must be used 
as complement; and (i) the proper proportions 
of antiserum must be tested, in order to evade the 
masking effect of the prozone. 

The inhibitory effect of antiserum upon the 
bactericidal action of norma! scrum f;; vitro is a 


finding which is consistent with the apparent lack 
of bactericidal action of the sera of actively and 
passively immunized rabbits. There are two pos- 
sible factors which may be involved in tliese 
events: (i) the prozone phenomenon, and (2) 
the inhibition of complement. It has been shown 
that either factor may produce the same end re- 
sult. In the in vitro experiments with rabbit anti- 
sera, in which untreated monovalent sera were 
employed, and in the in vivo experiments with 
horse antisera, it was established that' no diminu- 
tion in hemolytic complement was involved in the 
inhibitory phenomenon. On the other hand, the 
results with concentrated rabbit antisera, which 
produced not only inhibition of bactericidal action 
when injected intravenously but also the persist- 
ence of bacteremia, were probably due both to the 
prozone phenomenon and to the anticomplemen- 
tary effect of the antiserum. The reasons for 
this anticomplementary effect are not known. The 
disturbance in complement seems to have been 
profound, in view of the long duration of the 
effect. The concomitant loss of bactericidal ac- 
tion and hemolytic complement, which was ob- 
served following the injection of concentrated 
normal globulin, provides further evidence of the 
necessity for complement in the bactericidal 
mechanism. 

The results of passive immunization of human 
subjects with concentrated rabbit antiserum are 
in agreement with the in vitro findings in bac- 
tericidal tests. It will be noted that the bac- 
tericidal property already present in serum for the 
susceptible strain was reduced, while killing of 
the resistant strain occurred in defibrinated blood, 
and no killing of the latter strain occurred in 
serum alone. 

For clinical purposes, the observations reported 
here are of interest in a number of respects. 
First, it is evident that excessive amounts of 
antiserum may reduce, rather than enhance, the 
bactericidal property of the blood. Whether such 
a process can take place in the blood of a patient 
undergoing serum treatment remains to be de- 
termined and evaluated. Second, the loss of bac- 
tericidal action which was observed in highly im- 
munized animals suggests that a similar process 
may be a factor in the development of prolonged 
or chronic infection with the meningococcus, such 
as chronic meningococcemia, and the bacteremia 
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with endocarditis which is sometimes seen in im- 
munized horses (10). Third, a considerable anti- 
complementar}’ effect may be exerted in rabbits 
by concentrated antiserum. It has not been shown 
that this effect also takes place in humans, but the 
question is of such practical importance that it 
should be studied further. 

SUMMARY 

(1.) Differences in the general susceptibility of 
strains of Group I meningococci were associated 
with differences in the behavior of these organ- 
isms in the bactericidal test with immune sera. 
Susceptible strains were kdlled, while resistant 
strains survived, in the presence of human com- 
plement. Resistant strains were killed in the pres- 
ence of rabbit complement or human defibrinated 
blood. 

( 2 ) Fresh immune sera were lacking in bac- 
tericidal action for both resistant and susceptible 
strains. When these sera were diluted in the 
presence of an appropriate neutral complement, 
strong bactericidal antibody was demonstrable. 

(i) The bactericidal action of fresh normal 
serum was inhibited by the addition of specific 
antiserum. This inhibition was not associated 
with detectable fixation of hemolytic complement. 
It is considered to be a manifestation of the 
prozone phenomenon. 

( 4 ) The injection of small quantities of specific 
antiserum in rabbits produced an increase in bac- 
tericidal propertj". Larger doses caused inhibition 
of killing. In some instances, this may have been 
due to the anticomplementary action of concen- 
trated antiserum; in others, complement was not 
affected. 

(5) The injection of concentrated antiserum in 
2 human subjects resulted in the enhancement of 
bactericidal action in defibrinated blood, for the 
resistant strain, and a diminution in the bacteri- 
cidal action of serum and defibrinated blood, for 
the susceptible strain. No detectable alteration of 
complement was observed. 

(<5) The intravenous injection in rabbits of a 
concentrated rabbit antimeningococcal serum re- 
sulted in the disappearance of detectable hemoly- 
tic complement for as long as 24 hours. After 


the intravenous injection of meningococci, bac- 
teremia persisted for a considerably longer period 
in rabbits receiving antiserum than in control rab- 
bits. Similar results were obtained using an 
antimeningococcal horse serum, free from any 
demonstrable anticomplementary effect. Two fac- 
tors, operating singly or together, appear to be 
responsible for these results; the prozone phe- 
nomenon due to antibody excess, and anticomple- 
mentary action. 

The authors are indebted to Mrs. Muriel E. Stone and 
kfiss Marguerite Buckingham for technical assistance. 
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cystitis. Three patients had had a cerebral hemor- 
rhage before admission. The duration of symp- 
toms attributed to hypertension varied from 6 
months to 14 years. 

Particular attention was given to the examina- 
tion of the ocular fundi. The eyeground findings 
were graded 1 through 4 ; the higher the grade, the 
more extensive the vascular damage observed. 
Fifteen showed grade 2, 3, or 4. 

Clinical tests of renal function included ability 
to concentrate solids following abstinence from 
fluid for 12 hours, urinary excretion of phenol- 
sulfonephthalein dye 15 minutes after 1.0 cc. had 
been given intravenously, determination of con- 
centration of non-protein nitrogen in the serum, 
and intravenous pyelography. These procedures 
gave results which were interpreted usually as 
consistent with unimpaired renal function. None 
had an elevation of the non-protein nitrogen in 
the serum, nor was the specific gravity of the urine 
fixed at a low level. All except 2 were able to 
concentrate to 1.020. Five were unable to excrete 
25 per cent or more of phenolsulfonephthalein dye 
in the first 15 minutes after the intravenous injec- 
tion. The examination of the urinary sediment, 
however, showed casts or blood cells in a pre- 
ponderant number, while nearly half of the pa- 
tients showed albuminuria. 

An extensive removal of the sympathetic chains 
by one of us (R. H. S.) was performed at opera- 
tion (7). In most patients, the lower 4 dorsal 
ganglia and the upper 1 or 2 lumbar ganglia were 
excised as well as a splanchnic denervation, re- 
moving the great splanchnic nerve from the semi- 
lunar ganglion to the mid-thoracic level. The 
extensive retroperitoneal exposure permitted ac- 
cess to the kidney and the opportunity to excise a 
portion for study. The specimens taken were 6 to 
7 mm. wide and 5 mm. deep. Specimens were 
taken from both kidneys in a few patients. The 
gross appearance of the kidneys, when fully ex- 
posed at operation, was not remarkable. Usu- 
ally, the size was normal and only rarely was the 
capsule firmly adherent to the renal cortex. A 
few minute scars were visible in approximately 
one-third of tlic cases, while the remainder of the 
parenchyma was smooth and appeared normal. 
The 20 biopsies were graded 0, I, II. Ill, IV 
by one of us (B. C). according to the severity of 
the vascular lesions. The criteria for tlicse grades 


are described in more detail in a study of the large 
series of 100 renal biopsies of hypertensive pa- 
tients.^ A valid objection might be raised that a 
biopsy is not an adequate sample of the whole 
kidney. However, great care was taken .in each 
case to select a representative piece for biopsy, 
and in 25 patients out of the larger series of 100, 
specimens removed from both kidneys were of the 
same grade. It is noteworthy that not all speci- 
mens graded I and II appeared abnormal at casual 
inspection. Careful search, however, showed 
vascular changes in all 20 patients except Nos. 19 
and 20, which were graded 0. The vessels were 
divided into three groups: (I) small arteriole, the 
external diameter of which measured up to 25 
microns; (2) large arteriole, from 25 to 50 mi- 
crons; and (S) small artery, greater than 50 
microns. The last group rarely exceeded 100 mi- 
crons, since the specimens were from the periph- 
eral portions of the cortex. The vascular lesions 
could be classified readil}'^ under the three terms 
employed by Moritz and Oldt (8) : intimal hya- 
linization, medial hypertrophy and degeneration, 
and endothelial hyperplasia. No necrotizing ar- 
teriolitis was observed, confirming the theory that 
this lesion is a terminal one. Most of the speci- 
mens showed combinations of these types, but in 
a few, one type was predominant. No specific type 
of process Vvas limited to any one of the different 
sized vessels, although, by and large, the arteries 
showed endothelial hyperplasia with reduplication 
of the internal elastic lamella or fibrous intimal 
thickening, and the arterioles showed either me- 
dial hypertrophy or intimal hyalinization or very 
frequently both processes. Although the biopsy 
grades were based solely on the severit}'- of the 
arterial and arteriolar disease, it is interesting to 
note that a large proportion of the glomeruli ap- 
peared normal in most of the cases. Glomerular 
changes were entirely absent throughout the bi- 
opsied material of kidneys classed under grade I. 
Some slight thickening of the capillary walls and 
an occasional sclerosed glomerulus were seen m 
the kidneys of grade II; there was otherwise little 
change in the glomerular tufts. In the more ad- 
vanced cases, grades III and IV, often associated 
with visible scarring, the glomeruli adjacent to or 
within the scarred area were partially or com- 


* Sec footnote 2. 
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plctelj' hyalinizcd. Careful c.xaniination was made 
of the juxta-glomerular group of cells (9) for 
e\’idence of liyperplasia, but no abnorniaiity was 
obser\'ed. There were 3 patients classified in 
grade IV, S patients in grade III, 3 patients in 
grade II, 4 patients in grade I. and 2 patients in 
grade 0. Renal vascular lesions have been so 
well illustrated in Moritz and Oldt’s paper (8), 
that it was felt unnecessary to include photomicro- 
graphs in this report. 


Grade IV renal vascular disease. Advanced 
vascular disease in both arteries and arterioles was 
present in the specimens removed from 3 patients. 
The average glomerular filtration rate and renal 
plasma flow were 64 cc. and 283 cc. per minute, 
respectively (Table I). This represents a 50 per 
cent depression below the normal mean filtration 
rate, and a 60 per cent depression in renal plasma 
flow. Patient No. 2 died of a cerebral hemorrhage 
and uremia before discharge from the hospital. 


TABLE I 


Correlation of renal clearance obserralions mith renal biopsies * 


Patient 

number 

Acc 

Blood 
pres ?u re 

1 

1 

Retinal 

chancu 

PSP 

excretion 
in first 

15 minutes 

1 

Glomer- 

ular 

filtration 

rate 

Plasma 

flow 

Effective 
whole 
blood 
flow t 

Diodrast 
iodine Tra 

Filtration 

fraction 




trade 


cc, of plasma cleared Per minute 

mgm, per 
minute 

per cent 


GRADE IV’ REXAL VASCULAR DISEASE 


1 

46 

208/138 

3 

10 

56 

220 

370 

19 

25 

2 

36 

210/142 

3 

10 

67 

250 

420 


27 

3 

50 

230/110 

2 

35 

69 

380 

680 


18 




Average 

64 

283 

457 


23.3 


GRADE III RENAL VASCULAR DISEASE 


4 

38 

190/140 

4 

25 

86 

400 

660 


21 

5 

34 

175/135 

1 

40 

90 

480 

840 


19 

6 

27 

225/145 

1 

25 

70 

420 

780 


17 

7 

34 

205/120 

3 

30 

86 

430 

770 


20 

8 

34 

220/140 

3 

40 

71 

320 

570 


22 

9 

45 

205/112 

2 

20 

105 

500 

850 


21 

10 

30 

215/145 

1 

45 

86 

450 

760 

46 

19 

11 

35 

230/120 

1 

35 

Average 

121 

89.4 

510 

438.8 

720 

743.8 

41 

43.5 

24 

20.4 


GRADE II RENAL VASCULAR DISE.ASE 


12 

48 

204/116 

2 

25 

100 

450 

750 

37 

22 

13 

38 

180/100 

2 

35 

90 

490 

880 

42 

18 

14 

40 

180/110 

1 

20 

83 

470 

800 

43 

18 




Average 

91 

470 

810 

40.7 

19.3 


GRADE I RENAL VASCULAR DISEASE 


15 

16 

17 

'18 

23 

37 

32 

56 

163/114 

148/98 

200/126 

1 

2 

1 

1 

45 

38 

40 i 

20 i 
Average j 

127 

114 

100 

76 

104.2 

700 

410 

552 j 

710 

67 

45 

56 

19 

19 

19 




GRADE 

0 RENAL VASCULAR DISEASE 




19 

39 

144/122 

1 

40 

92 

520 

990 


18 

20 

18 

140/100 

3 

40 

96 

730 

1210 

42 

13 





Average 

94 

625 

1100 


15.5 


* The 20 cases are divided into 5 groups according to the grade of renal vascular disease found in the kidney biopsies 
taken at operation. The renal clearance data are given for the_ patients in each group, 
t Calculated from renal plasma flow by taking hematocrit into account. 
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Grade 



Fillrolion Fraction (percent) 
Fig. 1 


The average of the filtration fractions for the cases in 
each biopsy group is plotted against the grade of renal 
vascular disease. The curve indicates that the filtration 
fraction increases as does the evidence of renal vascular 
disease, but was not above the normal of 20 per cent in 
the lower biopsy groups. The filtration fractions for each 
case are given in Table I. 

This is the only patient reported in this com- 
munication who has died. 

Grade III renal vascular disease. There were 
8 patients in this group. The intimal hyaliniza- 
tion of the large and small arterioles in this group 
was similar to that in grade IV, while the arterial 
changes and parenchymal scarring was slightly 
less severe. Approximately 10 per cent of the 
glomeruli were sclerosed, although in some speci- 
mens no hyalinized glomeruli tvere seen after a 
careful search. The glomerular filtration rate 
averaged 89 cc. per minute, and the renal plasma 
flow, 439 cc. per minute (Table I), Both of these 
values represent about a 30 per cent depression 
below the normal. 

Grade II renal vascular disease. The 3 cases 
in this group showed moderate vascular changes 
of all types, but especially intimal hyalinization. 
The average glomerular filtration rate, 91 cc. per 
minute, was only slightly below the average range 
for normals, while plasma flow, 470 cc. per minute, 
was depressed significantly (Table I). 

Grade I renal vascular disease. There were 4 
patients in this group. Slight but definite vascu- 
lar disease was noted. Glomerular filtration rate 
in all except patient No. IS was normal, although 


plasma flow was depressed slightly (Table I). 
Patient No. 15 showed high normal values for 
both functions, the highest observed in any patient 
reported in this communication. These figures 
were checked at subsequent examinations and the 
grade I anatomical changes were confirmed. The 
average glomerular filtration rate and plasma flow 
were 104 and 552 cc. per minute, respectively. 

Grade 0 normal renal vascular findings. The 
2 patients in this group. Nos. 19 and 20 (Table I), 
had renal clearance data that were at, or slightly 
below, the lower limit of normal. Nothing was 
noted preoperatively to suggest an adrenal tumor 
as being responsible for the hypertension. Parox- 
ysmal episodes were absent in both patients. Nev- 
ertheless, patient No, 19 had an adrenal cortical 
tumor and patient No. 20 had an adrenal medul- 
lary tumor. The tumor was on the right side in 
both patients. That these 2 instances are not 
unique may be assumed from the observation of 
5 additional cases in the larger series of 100 bi- 
opsied cases, 4 exhibiting a cortical tumor and 
the other a medullary tumor.® Equally interesting 
is the fact that the renal vessels were normal in 
both patients, the only patients who showed no 
renal anatomical changes in this small series,® A 
good clinical result followed unilateral sympa- 
thectomy and excision of the tumor in patient 
No. 20. Patient No. 19 experienced partial re- 
lief from symptoms. He returned 4 months after 
the first operation for a sympathectomy on the 
intact side. Renal clearance observations at this 
time checked remarkably well with those obtained 
at the first admission. 

Filtration jraction. Goldring and associates 
found that patients with hypertension have a 
greater percentile depression in renal plasma flow 
than in glomerular filtration rate, so that the 

(glomerular filtration rate) , . ^ , ci 

ratio, ; — ; — r — designated nl- 

(renal plasma flo\v) 

tration fraction by Smith (6), is increased above 
the normal of 20 per cent. An increase of this 
fraction has been interpreted as an indication of 
constriction of efferent renal arterioles. The av- 


® These 7 cases wii! form the basis of a more detailed 
communication by Drs. Smithwick and Cistlcman, 

® In the larger scries of renal biopsies, there was an- 
other patient with cortical adrenal tumor and 4 patients 
without adrenal tumors who showed no renal vascular 
disease. 
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TABLE II 


Effect of sympathectomy on renal clearance * 




Glomerular filtration rate 

Plasma flow 

Effective whole blood flow 

Diodrast iodine Tm 

Filtration fraction 

Pa- 

Renal 


Postoperative 


Postoperative 


Postoperative 


Postoperative 


Postoperative 

Dum- 

biopsy 

Pre- 




Pre- 




Pre- 




Pre- 



. 

Pre- 




ber 

(Grade) 

op- 




op- 




op- 




op- 




Op- 






era- 

With- 

4 to 


era- 

VTith- 

4 to 

li 

era- 


4 to 

li 

era- 

With- 

4 to 

u 

era- 

With- 

4 to 

H 



tive 

in 2 

13 

to 4 

tive 

in 2 

13 

to 4 

tive 

in 2 

13 

to 4 

tive 

in 2 

13 

to 4 

tive 

in 2 

13 

to 4 




weeks 


years 


weeks 

months 

years 


weeks 

months 

years 


weeks 

months 

years 


weeks 


years 

2 

IV 

67 

26 



250 

no 



420 

170 







27 

24 



8 

III 

71 

73 



320 

320 



570 

520 







22 

23 



10 

III 

86 

45 



450 

270 



760 

430 



46 

20 



19 

17 



13 

II 

90 

83 



490 

540 



880 

860 



42 

45 



18 

15 



4 

III 

86 

58 

104 


400 

340 

370 


660 

580 

630 






21 

17 

28 


6 

III 

90 

91 

94 


480 

630 

290 


840 

1020 

480 






19 

14 

32 


6 

III 

70 

92 

92 


420 

500 

480 


780 

740 

800 




39 


17 

18 

19 


7 

III 

86 

71 

55 


430 

440 

300 


770 

660 

640 






20 

16 

18 


0 

III 

105 

84 

90 


500 

420 

270 


850 

660 

440 




38 


21 

20 

33 


1 

IV 

56 


56 


220 


240 


370 


385 


19 


21 


25 


25 


12 

11 

100 


118 


450 


400 


750 


670 


37 


42 


22 


27 


15 

I 

127 




700 


760 






67 




19 




21 


91 


S3 


350 


170 


620 


300 


49 


43 


26 


49 


22 

II 



57 

59 



290 

250 



470 

410 



28 




20 

24 

23 

III 


93 


64 


300 


230 


530 


410 


43 


30 


31 


28 

24 





98 












43 





25 





74 




370 




600 




41 




20 

28 





96 




400 




680 








24 

27 





76 




320 




540 




39 




24 


* The renal clearance data are arranged under 5 headings: glomerular filtration rate, plasma flow, effective whole 
blood flow, diodrast Tm, and filtration fraction. The relation to the time of operation is indicated in each instance. 
The number of the patient and the biopsy grades are given. (Refer to Table I.) 


therefore, that glomerular filtration rate is un- 
altered by sympathectomy. In only 1 patient. No. 
4, was a below normal rate before operation re- 
stored to normal by operation. 

The renal plasma flow studies did not show any 
significant change in the immediate postoperative 
period, but did decrease about 17 per cent within 
a year and remained approximately the same for 
the next few years. 

The filtration fraction improved somewhat dur- 
ing the 2-week period after operation, but grad- 
ually rose during the first year and showed no 
■ tendency to return to normal later. This finding 
suggests that efferent constriction had not been 
lessened by sympathectomy. 

The diodrast Tm observations are too few and 
scattered to warrant any conclusions. 

DISCUSSION 

From these data, admittedly few for the malady 
under discussion, it is evident that in patients with 
essential hypertension a reasonably constant cor- 
relation exists between microscopic ewdence of 
renal vascular disease and renal function as meas- 
ured by quantitative procedures. A study of Fig- 
ures 3 and 4 suggests that the reduction in glo- 
merular filtration, and especially in renal blood 
flow, increases as the vascular disease progresses. 


Furthermore, it is of interest to note that, in the 
absence of renal vascular disease (grade 0), or in 
the presence of minimal arteriolar changes (grade 
I), the reduction in renal blood flow is slight, if 
any. It is only in the grade IV biopsy group that 
renal blood flow is reduced to a serious level. Ex- 


Grode 



Fig. 3 

In this figure, the glomerular filtration rate is plotted 
against the grade of renal vascular disease. It indicates 
that the filtration rate decreases as the vascular disease 
increases. It varies from the normal range to serious 
reduction, the latter being found only in the grade IV 
biopsy group. 
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Grade 



Fig. 4 

In this figure, the renal plasma flow is plotted against 
renal vascular disease as judged by the kidney biopsies. 
The renal blood flow decreases as the renal vascular dis- 
ease increases. The range is from the normal level to a 
marked reduction, the latter being found in the grade IV 
biopsy group only. 

ceptions, however, were noted. Thus, patient No. 
18 had grade I vascular disease but a marked di- 
minution in glomerular filtration, while patients 
Nos. 9 and 11 had grade III vascular disease and 
normal filtration rates. In the main, most dis- 
crepancies, when present, suggested a greater 
degree of vascular thsease than was actually pres- 
ent. This is to be contrasted tvith ordinarj’’ func- 
tion tests which, in general, fail to indicate vascu- 
lar disease until it is present in its most advanced 
form. 

The patients in our biopsy group may be com- 
pared with a series of 60 patients with essential 
hypertension, reported by Goldring and assodates 
(1), in whom only renal clearance studies were 
performed. These patients were not operated 
upon and no renal biopsies were available. Except 
for the 8 severe cases in Goldring’s group, all but 
1 of whom died before his report w^as published, 
the patients in our series are believed to have suf- 
fered from a more advanced grade of hypertension. 
This statement is based prindpally upon the 
greater obser\'ed depression in renal clearance. In 
Goldring’s series, approximately 50 per cent of 
the patients had a glomerular filtration rate above 


92 cc. per minute, wdiile less than one-third of our 
patients showed as satisfactory a rate. This is 
emphasized because of the good clinical results that 
followed S 3 Tnpathectom 3 ' in our series. Most of 
the patients experienced marked clinical improve- 
ment and a recent follow-up has sho^vn no death 
other than that of patient No. 2, who died in’ the 
hospital. 

An increase in filtration fraction in certain hy- 
pertensive patients has been emphasized in the 
literature as it indicates constriction of the efferent 
glomerular arterioles. The cause of this constric- 
tion is unknown, but it has been interpreted by 
some to result from the action of a circulating 
humoral pressor substance. It is of interest to 
note that in the earl 3 ' stages of renal arteriolar 
disease, biopsy groups 0 and I, the filtration frac- 
tion was normal in 4 of 4 cases. In grade II, it 
was normal in 2 of 3 patients. In grades III and 
IV, it was above the normal level in 6 of 11 cases. 
This suggests that efferent constriction is not pres- 
ent in the earlier stages of renal arteriolar disease. 

In order to reduce to a mim’mum other causes 
of modified renal blood flow, particularly that due 
to vasoconstriction, the blood flow determinations 
both before and after operation were made with 
the patient in the horizontal position in a com- 
fortable quiet environment. Studies made under 
other conditions, designed to bring out the effect 
of vasoconstriction, have been made in other pa- 
tients and will be reported separately. 

There was no significant difference in filtration 
rate or renal plasma flow following bilateral sym- 
pathectomy, after circulatory adjustments had • 
been made. 

It is most important, however, to emphasize the 
fact that glomerular filtration rate tends to be 
maintained soon after operation, as well as years 
later, and it may be assumed that renal damage 
may not progress rapidl 3 ’’ thereafter. If this be 
the only effect of s 3 'mpathectomy in essential h 3 '- 
pertension, it is well worth the surgical risk and 
effort involved. Patients with a moderate degree 
of impairment of glomerular filtration (70 to 100 
cc. per minute) are not seriously handicapped and 
it is conceivable that if their kidneys are able to 
escape further damage, life may not be materiall 3 ' 
shortened by the vascular changes that have de- 
veloped up to the time of operation. 
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SUMMARY 

(!) Renal clearance studies performed on 20 
patients with essential hypertension showed a sig- 
nificant correlation with the microscopic appear- 
ance of their respective renal tissues which were 
removed for biopsy at the time of sympathectomy, 
i.e., the more severe the renal vascular disease, the 
more reduced were the glomerular filtration rate 
and the renal blood flow. In the cases with grade 
0 and I renal vascular disease, the renal clearance 
observations were either normal or only very 
slightly reduced. Only in grade IV renal vascular 
disease was renal blood flow seriously reduced. 

(2) The filtration fraction was normal in 7 out 
of 8 cases in biopsy groups 0, I, and II. It was 
increased in 6 of 1 1 cases in biopsy groups III and 
IV. These findings indicate that constriction of 
the efferent glomerular arterioles was not present 
in the early stages of renal vascular disease. 

(3) Bilateral radical lumbo-dorsal splanchni- 
cectomy had relatively little effect on renal clear- 
ance, when measured in the horizontal position. 
Although glomerular filtration was reduced in the 
immediate postoperative period about 20 per cent, 
within a year it returned to and continued to main- 
tain its preoperative level. Renal plasma flow was 
essentially unchanged. 
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The urinarj' output of li 3 ’pophyseal gonado- 
tropin by normal women has proven exceedingly 
t-ariable from month to month (1, 2). Thus, the 
usefulness of gonadotropin assays for clinical pur- 
poses has been disappointing and is now limited 
to the demonstration of large excesses of hormone. 

The status of the gonadotropin assay as a po- 
tential diagnostic measure in men is still in doubt. 
More normal data are needed to detail the normal 
range of excretion and to settle the disagreement 
between Harris and Brand (3) and Heller, Heller, 
and Severinghaus (4), concerning the presence of 
a cycle in men. Accordingly, the present study 
was undertaken. Concurrent assays of estrogens 
and neutral 17-ketosteroids were done to deter- 
mine any correlation with gonadotropin output. 
The output of these se.x hormones follows the 
pattern described by Gallagher, et ah (5), ex- 
cept that in their studies androgens were assayed 
in capons. 

MATERIALS AND METHODS 

All urine specimens were complete 48-hour collections, 
kept in cork or glass stoppered bottles, containing 10 to 
15 cc. chloroform. The urine was placed in contact with 
the preservative immediately on voiding. In most in- 
stances, the bottles were kept in the cold during collection. 
The chloroform is important since it limits the toxicity of 
the gonadotropic extracts prepared by tannic acid pre- 
cipitation, without interfering with the colorimetric reac- 
tion for 17-ketosteroids. A rubber stopper is probably 
not desirable since chloroform can dissolve material from 
the stopper which may be chromogenic in the Zimmer- 
tnann reaction. The methods of extraction and assay in 
this study were entirely similar to those previously re- 
ported (1), with the exception of several modifications 
made in the 17-ketosteroid reaction, to conform with the 
method of Callow, Callow, and Emmens (6), as detailed 
elsewhere (7). The final color was read in an Evelyn 
colorimeter, using filters at 520 and 440 miJliraicra to 
check the purity of each extract (8). Hypophyseal 
gonadotropin was prepared by tannic acid precipitation and 
was assayed by the mouse uterine w'eight method of Levin 


and T>-ndale (9). Estrogen assays were conducted by 
the method of Kahnt and Doisj' (10) on tested castrate 
rats. To insure uniformity of response, animals from a 
special colony of mice of the Swiss strain and rats of the 
Long-Evans strain were used. The mice were repeatedly 
tested for sensitivity to urinary gonadotropins with a con- 
stant weight of a castrate urine preparation, furnished by 
Dr. Louis Levin of the Anatomy Department; the rats 
were standardized for estrogen response with crystalline 
estrone.^ Except for a definitely increased sensitivity in 
the summer months, both groups of animals showed a 
uniform response throughout the year. The mouse unit 
for gonadotropin was not considered positive unless 2 of 
3 mice showed uterine weights greater than 0.0135 gram 
at autopsy. This weight was never seen in control mice 
with initial body weights of less than 12 grams at 22 days 
of age, and then autopsied at the same age as the test 
mice. A rat unit varied between 0.4 and 0.7 gamma of 
estrone, averaging about 0.6 gamma. This average was 
slightly less than that of the same colony during 1939 and 
1940. Extracts were generally kept in the ice-box in a 
dry state, tightly stoppered, and for no more than 3 weeks 
before dissolving for assay. No significant change in 
potency has been noted to occur with storage of other 
specimens up to 6 months. 

RESULTS 

The urine which was assayed was collected 
from 5 healthy, normal men, and was their entire 
output during the period of the experiment. The 
subjects carried on their daily routine, except that 
subjects N. J. and N. V. were undergoing a cor- 
relative psychologic study by Dr. George Daniels, 
of the Department of Psychiatry, during the 
period of the experiment. All remained healthy. 
The ages were 21, 22, 23, 24, and 33 years. Only 
subject N. D. was married. 

The hormonal output of each of the 5 subjects 
is shown in Figures 1 to 5. The curves of excre- 
tion w'ere approximately the same for all the sub- 
jects, except for the striking spurt in gonado- 

1 Dr. Edward Henderson of the Schering Corporation 
furnished the crystalline estrone used in this study. 
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Fig. 1. Forty-Eight Hour Excretion of Gonadotropin, Estrogen, and 17-Keto- 

STEROIDS IN A NoRMAL MaLE, SHOWING A SHARP DECLINE IN GONADOTROPIN AND 

Estrogen Excretion in the Latter Half of the Study. Subject N. V. 



nj. / E2 

Fic. 2. Forty-Eight Hour Excretion of Gonadotropin, Estrogen, and 17- 
Ketosteroids Showing a Decline in Gonadotropin Excretion Without Cor- 
responding Ch.vnge in Estrogen. Subject N. J. 
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Fig. 4. Forty-Eight Hour Excretion of Gonadotropin, Estrogen, and 17-Ketosteroids Showing 
Fluctuations in Gonadotropin and Estrogen Excretion Over Long Periods, and Illustrating 2 Re- 
current Peaks of Gonadotropin. Subject N. D. 



M.S. .T E4 

Fig. 5. Forty-Eight Hour Excretion of Gonadotropin, Estro- 
gen, AND 17-Ketosteroids Showing a Prolonged Spurt in Gonado- 
tropin Excretion. Subject N. S. 


weeks of the study is noteworthy and is discussed 
below. This sharp increase was not reduplicated 
in this or in the other cases. 

Eslrogou Estrogen values represent the total 
of free and combined estrogen (11)- No attempt 


was made to separate the various estrogens. Ex- 
tracts which did not give a response equal to 5 
units or more are considered to be zero. The long 
term average excretion of estrogen differs greatly 
between subjects. Not only is the daily variation 
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TABLE I 

Jiange of normal values for the excrdion of gonadotropin, 
estrogen, and neutral 17-helosteroids 


Subject 

Gonado- 

tropin 

Estrogen 

l7-l:eto- 

steroids 

Eftrogcn-l?- 

kctosterold 


rroatf units 
fer £4 hours 

rat units 
fer £4 hours 

rJifr:. 

f-rr £4 hours 

ratio 

N. S. 

10 to 40 

<S to 5 

11.3 to 15.9 

0.17 

AvOTEe 

2sa 

2a 

13.6 


N.J. 

<s to 20 

<5 to 10 

10.1 to IS.l 

OJO 

AvcmK 

10.9 

4a 

14.4 


N. V. 

<S to 20 

<5 to 10 

6.0 to 14.4 

0.09 

Average 

S.2 

0.95 

11.1 


N. D. 

<5 to 40 

<S to 30 

s.i to isa 

1.14 

Average 

12.0 

11.7 

loa 


N. H. 

<5 to 120 

<5 to 20 

7a to 19a 

0.4S 

Average 

14.8 

6A 

14.3 


Range for 
series 

<5 to 120 

<S to 30 

5.1 to 19.3 

0.09 to 1.14 


in estrogen excretion tremendous, but the average 
excretion over long periods also differs. Subject 
N. D., for example, excreted about twice as much 
as subject N. H. over an equal length of time. 
The average output of the same individual over 
periods of several weeks may change, as is shown 
in the values obtained during the first and second 
halves of the assays of subject N. V. (Figure 1). 
The individual values for the series ranged from 
less than 5 r.u. to 30 r.u. per 24 hours (roughly 
less than 30 to 180 i.u. per 24 hours) (Table I). 
The average output of the various subjects varied 
from less than 0.95 to 11.7 r.u. per 24 hours (from 
6 to 70 i.u. per 24 hours) (Table I). 

Neutral 17-ketosteroids. The figures for 17- 
ketosteroid excretion for the first 2 months in sub- 
jects N. S. and N. V. were reported elsew'here to 
demonstrate that the day to day variation of ± 40 
per cent about the mean, which normally occurs in 
both men and women, is due to an actual fluctua- 
tion in excretion of 17-ketosteroids (7), and not 
to non-specific chromogens also present in urine. 
In the present study, the average of the daily out- 
puts was constant for an individual but varied be- 
tween subjects. The range of excretion for the 
series was 5.1 mgm, to 19.3 mgm. per 24 hours. 
The averages for the various subjects varied be- 
tween 10.3 mgm. and 14.4 mgm. per 24 hours. 

DISCUSSION 

Data have been obtained showing the quantita- 
tive excretion of gonadotropin, estrogen, and 17- 


ketosteroids by 4 medically normal men, during 3 
or more months, and by one man for one month. 
Two facts stand out from this study. (1) There 
is a marked and unrelated, day to day variation in 
output of hjqiophyseal gonadotropin, estrogen, and 
17-ketosteroids. (2) There is a striking fluctua- 
tion in the excretion of gonadotropin over longer 
periods. There is no evidence of any cycle in the 
excretion of any of these hormones. 

The reason for the fluctuation in the levels of 
gonadotropin is difficult to determine. The ques- 
tion immediately arises as to whether this fluctua- 
tion is due to a real increase in excretion of hor- 
mone as the result of a physiological change, or is 
due to an apparent increase in excretion caused by 
spontaneous variations in the sensitivity of the 
assay animals. The honesty of all donors seems 
unquestionable and there seems no likelihood of 
the specimens hatyng come from some other 
source, either accidentally or deliberately. Peri- 
odic testing of the mice throughout the year wnth 
a standard weight of gonadotropic material, ob- 
tained from a castrate urine preparation, reveals 
a significant increase in the sensithdty of the mice 
tow'ard the end of the summer. The sensitivity 
is, however, quite constant through the rest of the ' 
year (Table II). The mice were not especially 
sensitive when tested at the time of the very high 
values displayed by subject N. H. Therefore, 
these values appear to be real. However, the fact 
that the high titer did not reappear during the next 
8 months was disappointing if the initial spurt is 
to be accounted for on a physiological basis. 
WTiether the spectacularly high values are real or 
not, the fluctuations in average gonadotropin 
values over various periods must reflect a true 
physiological change in Hew of the occurrence of 
this phenomenon in all subjects. The evaluation 
of abnormal excretion of gonadotropin by present 
technics must take into account these normal 
variations, whether due to physiological change or 
the result of limitations of the biological method. 

It becomes clear that the clinical value of hor- 
monal assays in men, as in women, is subject to 
sharp limitations because of this Auriability in the 
normal hormonal output. A marked increase in 
the excretion of these hormones can be estab- 
lished by a few' tests, but a subnormal output can 
be determined only after a long series of assays. 
Random samples over several weeks from a 
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TABLE II 


Mouse uterine weight response to a constant test dose of castrate urine principle 


Date of assay 

Prepara- 

Number 

1 

Range of uterine 
weight response 

Vaginal response 

Type response 

tion 

number 

of 

' mice 

Open 

Closed 

Number 

positive 

Number 

negative 

October 17, 1941 

L 610 K 

12 

1 

grams ' 

0.0087 to 0.0192 

2 

10 

7 

5 

November 8, 1941 

Average 

L 610 L 

9 

0.0136 

0.0096 to 0.0221 

0 

9 

7 

2 

February 13, 1942 

Average 

L 610 M 

i 

9 1 

0.0160 

0.0043 to 0.0263 

0 

i 

9 

7 

2 

April 21, 1942 

Average 

L 610 N 

9 

0.0172 

0.0117 to 0.0330 

0 

9 

7 

2 

June 5, 1942 

Average 

L 610 0 

9 

0.0198 

0.0095 to 0.0296 

0 

9 

7 

2 

September 17, 1942 

Average 

L 610 P 

9 

0.0174 

0.0165 to 0.0354 

6 

' 3 

9 

1 

0 

October 2, 1942 

Average 

L 610 Q 

18 

0.0226 

0.0096 to 0.0470 

8 

10 

1 

15 

3 

Average 


0.0218 






normal individual (subject N. J.) revealed less 
than a determinable amount of gonadotropin. In 
establishing the presence of a disturbance which 
might be expected to cause a decrease in gonado- 
tropin output, such as anterior hypopituitarism, it 
becomes evident that more than an occasional 
negative value is needed. To undertake a series 
of assays sharply limits the feasibility of this 
procedure as an aid in diagnosis. The same ap- 
plies to estrogen assays. However, relatively few 
tests are necessar}^ to determine an abnormal 
change in the 17-ketosteroid excretion. 

Individual or average estrogen and 17-keto- 
steroid values show no correlation, either with 
gonadotropin output or with each other. The 
estrogen ; androgen ratio (5), reveals a tremend- 
ous variation from day to day in the same person. 
Thus, it does not appear to have any value in 
clinical practice. 

The average values for 17-ketosteroid excre- 
tion fall within tlie range of output of normal 
women (1 ) . This does not fit with the generaliza- 
tion of Fraser ci al. (12) who postulate that men 
excrete more than women, on the ground that an 
equal fraction of the 17-ketosteroid excretion is 
derived from the adrenal cortex in both sexes, 
whereas the men excrete an additional amount 
from the testes. 

A word of discussion concerning assay methods 
is in order since these undergo such frequent re- 
vision. For example, the colorimetric determina- 
tion of the neutral 17-ketosterolds, a more or less 


standardized chemical procedure (6), has been 
recently extended to include fractionation of these 
steroids (13, 14), and this fractionation will prob- 
ably be adopted for routine use. The determina- 
tion of estrogen or gonadotropin, as yet a bio- 
logical procedure, is in an even greater state of 
flux. For the estrogens, the principles of extrac- 
tion are generally agreed upon, but a number of 
assay methods are in use (15). For gonadotropin 
determination, the lack of agreement includes both 
extraction and assay (16). 

The tannic acid procedure has been used in this 
study in preference to the alcohol precipitation 
method. Assays have been possible in unpublished 
work for as low as 2.5 m.u. per 24 hours, and 
almost invariably for 10 m.u. per 24 hours. Such 
results are as good, if not better, quantitatively, 
than those of other methods. No loss of potency 
is indicated (17), and less toxicity has been ob- 
served. Smaller amounts of alcohol are necessary 
than with the alcohol precipitation method, and the 
method is quicker, since dialysis of the precipitate 
is not necessary. The tannic acid method also 
permits the assay of estrogen and androgen on the 
same specimen, which is not possible with alcohol 
precipitation. A possible objection is raised by 
Evans (18) who has stated that follicle stimulat- 
ing and luteinizing fractions may not be pio* 
cipitated equally by tannic acid as compared to 
alcohol. 

A reHew of the control data from the mouse 
assays with the same preparation of gonadotropin 
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TABLE II 

Constancy of blood level of carbonic anhydrase over a period 

of days 

{a) Levels obtained on newborn infants 


E per c. mm, 

Interval 

E per c. mm. 

1.20 

4 days 

1.02 

1.30 

11 days 

1.14 

0.40 

11 days 

0.45 

0.10 

11 days 

0.00 

0.76 

10 days 

0.00 

1.87 

10 days 

1.50 

1.70 

3 days 

1.82 

0.53 

3 days 

0.55 

{b) Levels obtained on premature infants 

Initial 

Intervals in days after initial reading with 

value 

enzyme value 


E per c. mm. 



0.28 

3 days: 0.27 — 5 days:^0.29 


0.00 

1 day: 0.00 


0.40 

23 days; 0.45 — 33 days: 0.63 


0.10 

11 days; 0.00 


0.50 

6 days: 0.45 


0.75 

39 days: 0.85 


0.33 

28 days; 0.55 — 45 days: 0.37 


0.53 

1 day: 0.50 — 3 days: 0.54 


0.40 

1 day: 0.40 


0.40 

18 days: 0.51 — 20 days; 0.43- 

-27 days: 0.48 

0.31 

20 days: 0.76 


0.54 

20 days: 0.43 


0.93 

7 days: 1.17 


0.76 

7 days: 0.89 


0.41 

7 days: 0.50 


0.58 

9 days: 0.51 



The small variations probably represent errors 
inherent in the sampling and the method. The 
only full-term infant showing a gross change 
(from 0.76 to 0.00 E per c. mm.) was carefully 
checked and the second value was confirmed. 
This inexplicably low finding in an infant who 
was clinically quite well at the time is at variance 
with the data to be given below. In the case of 


TABLE III 


Rise in blood level of carbonic anhydrase following transfusion 
{20 cc. per kilogram) 


Before blood 

E per c. mm. 
0.00 
0.82 
0.55 
0.S5 
0.66 
0.43 
0.27 
0.40 
0.37 
0.51 
1.02 
0.63 
0.15 
0.23 
0.34 


Intcrv.nl After blood 

£ per c. mm. 

4 days 1.0 

9 days 1.37 

1 day 0.92 

2 days 1.77 

5 days 1.67 

10 days 0.74 

1 day 1.52 ... 

1 day 1.92 (2 transfusions) 

1 day 2.35 

2 days 1.60 

1 day 1.60 

2 davs 1.92 , . . 

2 davs 2.05 (2 transfusions) 

1 dav 1 .02 

1 dav 0.93 


the only premature infant showing a gross change 
(from 0.31 to 0.76 E per c. mm.), a period of 20 
days elapsed between the 2 enzyme determina- 
tions. 

Table III demonstrates that transfusions of 
adult blood raise the level of carbonic anhydrase 
when the initial value is low. The data were ob- 
tained from both well and sick newborn infants. 
The blood used for transfusion was either drawn 
freshly or taken from the hospital blood bank, 
but the blood was never more than 1 week old. 
Twenty cc. per kilogram were given intravenously 
by the indirect, citrate method. While there is no 
precise correlation, it will be seen that the increase 
approximates the expected value when it is re- 
membered that the average adult blood level of 
enzyme is 3.39 E per c. mm. and that 20 cc. per 
kilogram of adult blood are added to an infant 
blood volume of approximately 60 cc. per kilo- 
gram. 

Table IV presents data which show that plasma 
infusions do not raise the carbonic anhydrase level 
of the recipient’s blood. Such a rise is not to be 
expected, since it will be recalled that the enzyme 


TABLE IV 

No rise in blood level of carbonic anhydrase 
following plasma infusion 


Before plasma 

Interval 

After plasma 

E per c. mm. 


E per c. mm. 

0.76 

7 days 

0.89 

0.00 

1 day 

0.00 

0,56 

5 days 

0.37 


is present within the red blood cells (3) and is 
inhibited by serum (5), 

The plasma was a pooled mixture of plasma 
from several bloods, obtained from the blood 
bank, and was given in amounts of 20 cc. per kilo- 
gram of body weight. The age of the plasma pre- 
sumably should make no difference in the results, 
since we have observed that whole blood, on 
standing, loses no measurable amount of its car- 
bonic anhydrase content over a period of several 
days, and Lambie (6) has shown that laked blood 
may be stored for 5 days without loss in its car- 
bonic anhydrase potency. 

Table V shows that the rise in carbonic anhy- 
drase content of the recipient’s blood is not a 
transitory’ phenomenon and probably is sustained 
as long as the donor’s red blood cells remain in- 
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TABLE VIII 

Infants with unexplained cyanosis: their subsequent course 


Weight 

1st day of life 

Clinical note 

grams 

1. 2935 

E per c. mm. 

0.73 

Very cyanotic; died in 4 hours; no cause apparent; no autopsy. 

2, 2770 

0.85 

Seemed well but persistently cyanotic without demonstrable cause; at| 
days, transfused, E: 1.77; cyanosis cleared within 24 hours of tranl^ 
fusion; at 5 days, E: 1.77; continued to do well. p 

3. 1040 

0.38 

Very cyanotic and feeble; died in 2 hours; complete autopsy showed] 
only minimal atelectasis. ' 

4. 2490 

0.26 

Cesarean sectiort; mother had gr. morphine 1 hour before delivery; 

infant feeble, cyanotic; no apparent cause; died in 3 hours; no autopsy. 

5. 2330 

0.28 

Cyanotic for first 3 days of life without apparent cause; enzyme level 
unchanged at the end of this period (E: 0.27) ; the following day, color 
good and E: 0.43 (infant had not been transfused) ; continued to thrive. 

6. 1110 

0.00 

Cyanotic and feeble without apparent cause for 3 days; after plasma in- 
fusion, no improvement and E: 0.00; on fourth day of.life, transfused; 
immediate disappearance of cyanosis and E: 1.0; did well thereafter. 

7. 1030 

0.27 

Very cyanotic and seemed moribund; transfused at 2 days and seemed 
better immediately with E: 1.52; died suddenly next day; autopsy: 
subtentorial hemorrhage. 

8. 1300 

0.40 

Color only fair; eating and gaining poorly; transfused with immediate 
improvement in appetite, color, and weight gain which was sustained 
thereafter; E: 1.92. 

9. 1270 

0.12 

Cyanotic, sucking_ poorly, minimal atelectasis; after 2 transfusions, E; 
2.05 but baby did poorly, became increasingly cyanotic and died after 

2 days, with E: 0.43 just before death; autopsy: marked kerhikterus; 
question of transfusion reaction. 

10. 745 

0.23 

Very feeble, weak crj', poor respirations, cyanotic even in oxygen; after 

1 day and transfusion, E: 0.93; immediate sustained improvement in 
general status; after 4 days, E: 1.18; after 11 days, E: 1.17; continued 
to thrive. 

11. 905 

0.34 

Very low vitality, weak cry, cyanotic, apneic periods; after 1 day and 
transfusion, E: 1.02; seemed much stronger, sucked well, color better, 
more vigorous cry; after 4 days, doing well, out of oxygen, E: 1.07; 
continued to thrive. 

12. 1405 

0.43 

Severe spells of cyanosis, poor appetite, low vitality; immediate, sus- 
tained improvement after transfusion and E: 0.74. 

13. 1775 

0.82 

Seemed well but persistently cyanotic until transfused on fifth day; im- 
mediate disappearance of cyanosis; E: 1.37; continued improvement 
thereafter. 

the case. In the 2 full-term infants (cases I and case, autopsy failed to reveal adequate anatomical 


c), aitliougn me leveis are auiiusL ^ ai.auuaiu de- 
viations below the average newborn level, the 
initial values are not low by premature standards. 
One of these patients died without a transfusion 
or autopsy so no conclusion can be made except 
that the enzyme was somewhat low. In the other 
case, transfusion led to striking and prompt clini- 
cal improvement and increase in the level of 
enz}TUC. 

Of the premature infants, 2 (cases 3 and 4) 
died before transfusions could be given. In one 


cause for cyanosis while in the other case, autopsy 
was not permitted. In this case, morphine poison- 
ing was suspected but, if present, it cannot explain 
the low level of carbonic anhydrase since it has 
been shown that morphine is without measurable 
effect on the activity of carbonic anhydrase (Table 
VII). In the case of number 5, the cyanosis dis- 
appeared at the same time that a spontaneous rise 
in the blood level of the enzyme developed. The 
case probably would not have been included here 
except for the fact that it was one of the group 
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vbom infants who exhibited unexplained 
5ui;is. Even though the increase in carbonic 

rase is minimal, the correlation is suggestive, 

iRit-a! c of a normal enzj-me level, number 13 con- 
EfncA lo c,xhibit cyanosis until transfusion almost 
O.Wled the carbonic anhydrase \’alue. The re- 
Qj'jng infants all showed a great clinical improve- 
O.Pt after their low levels of enzjTne had been 
^ed by transfusion of whole blood. Following 
tact transfusion, number 7 improved from a mori- 
tablid condition to sucli an extent that recovery 
by IS anticipated. The sudden death, due to sub- 
2,Qitorial hemorrhage, is felt to represent an addi- 
wibnal complication. Number 9 has been com- 
wiented upon previously (Table V) ; it is felt that 
deie failure to sustain the rise in enzjTne concen- 
af-ation and the poor course following transfusion, 
sh/hen considered with the autopsy finding of 
bkemikterus, suggest a transfusion reaction with 
hiemolysis of the donor’s red cells. Although Rh 
studies %vere not carried out in this case, it %vas 
felt that eiythroblastosis fetalis could be excluded 
by the absence of clinical or pathological evidences 
of this disease. 

While the transfusions undoubtedly had other 
effects than raising the level of the carbonic anhy- 


drase, none of the usual indications for trans- 
fusion was present. None of the infants was 
dehydrated or exhibited good evidences of shock. 
There were no clinical evidences of anemia and 
the hemoglobins were demonstrated to be over 15 
grams in those cases on which initial •^'alues were 
estimated. No reactions occurred except as noted 
in case 9. 

In Figure 1, the levels of carbonic anhydrase 
are plotted against birth weight. The babies 
showing unexplained cj'anosis are designated by 
crosses and those with c 3 'anosis from recognized 
causes are marked by circles. It will be seen that 
low levels of carbonic anhydrase are found in 
newborn infants of all weights including occa- 
sional full-term infants (not shown in the Fig- 
ure), However, none of the 10 infants weighing 
less than 1500 grams at birth showed levels of 
carbonic anhydrase greater than 0.5 imits. Thus, 
a certain degree of maturity is necessaiy for the 
development of high levels of carbonic anhydrase, 
but occasionally, the enzyme fails to develop in 
otherudse mature, newborn infants. 

The figure also shows that, with one exception, 
the instances of imexplained cyanosis occur in in- 
fants with levels of carbonic anhydrase below 0.5 
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units. However, as was pointed out in connection 
with Table VIII, 2 full-term infants showed un- 
explained cyanosis with levels of carbonic anhy- 
drase of about 0.8 units. Of the 21 infants with 
levels below 0.5 units, 10 showed cyanosis. Of 
these 10, with unexplained cyanosis, 8 weighed 
less than 1600 grams. 

Since the Figure shows very low levels in 
thriving infants, low levels of carbonic anhydrase 
do not directly lead to cyanosis nor necessarily 
interfere with apparent well-being. 

DISCUSSION 

Although no precise relationship between birth 
weight and the level of carbonic anhydrase can be 
demonstrated, small premature infants (1500 
grams or less) tend to show the lowest levels of 
enzyme. It will be recalled that Meldrum and 
Roughton (2) demonstrated that the level of 
enzyme in goat fetuses does not begin to rise until 
very near term. For this reason the level of car- 
bonic anhydrase may be considered one of the 
measures of maturity in the newborn. Hall (8) 
has suggested that there exists a fetal form of 
hemoglobin, with a greater than normal affinity for 
oxygen, which is adapted to intrauterine existence 
with its low oxygen tension. It is possible that 
the low level of carbonic anhydrase in premature 
infants is a characteristic of this fetal hemoglobin. 

Roughton (9) has demonstrated mathematically 
that conversion of bicarbonate to carbon dioxide 
without carbonic anhydrase would be so slow as 
to be the limiting factor in respiratory exchange. 
However, he has also shown that the levels of 
enzyme in adults accelerate the reaction 100 times 
as much as is necessary, but this margin of safety 
decreases when maximum activity is undertaken. 
Lambie (6) has shown that the blood level of the 
enzyme can be reduced to 22 per cent of the 
normal without demonstrable ill effects in adults. 
Since there is this margin of safety and newborn 
infants are relatively inactive, the level of car- 
bonic anhydrase in premature and full-term new- 
born infants is theoretically and practically ade- 
quate. This does not mean that difficulties due to 
low carbonic anhydrase may not develop in active 
babies. Indeed, the frequency of cyanotic spells 
in premature infants after feeding and exertion 
or during infections suggests that such is the case. 


However, it must be recalled that one baby showed 
no symptoms in spite of a blood carbonic anhy- 
drase level of 0.00. While measurements of pH 
and carbon dioxide tension would be necessary to 
prove that there were no physiological disturb- 
ances due to the low carbonic anhydrase, the 
observation proves that very low levels are com- 
patible with life in a premature infant. 

There are theoretical reasons why a low blood 
level of carbonic anhydrase might interfere with 
oxygenation of the blood. Oxygenation of hemo- 
globin is physiologically speeded when the blood 
gives up carbon dioxide in the lungs (10). Also, 
the hemoglobin dissociation curve is shifted to 
the left in proportion to the lowering of carbon 
dioxide tension. It is possible that a low blood 
level of carbonic anhydrase delays the lowering 
of the carbon dioxide tension in the lung capil- 
laries, resulting in a slow and incomplete oxygena- 
tion of hemoglobin. In this connection, it is in- 
teresting to note that Smith and Kaplan (11) have 
shown that the arterial blood of premature in- 
fants generally possesses a lower oxygen satura- 
tion than that of adults or full-term infants of 
comparable age. 

It is well known that patients being treated with 
sulfanilamide are prone to develop cyanosis and 
it is interesting to note that sulfanilamide (alone, 
of all the sulfonamides) inhibits the action of car- 
bonic anhydrase (12, 13). We realize that this 
neglects the observations that the cyanosis of sul- 
fanilamide therapy may be due to methemoglobin 

(14, 15). 

The poor appetite of many of the infants with 
low carbonic anhydrase quite possibly may be re- 
lated to a lessened secretion of gastric juice. 
Davenport (16) has shown that the adequate 
function of the parietal cells of the gastric mucosa 
is dependent on the presence of carbonic anhy- 
drase and it has been suggested previously (13) 
that the anorexia accompanying sulfanilamide 
therapy may be related to inhibition of the enzyme. 

SUMMARY AND CONCLUSIONS 

Because Meldrum and Roughton (2) had found 
goat fetuses low in carbonic anhydrase, because 
carbonic anhydrase is found with hemoglobin m 
the red blood cells (3), because of a clinical im- 
pression that some premature and full-term new- 
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In this study, the agglutinins present in normal 
sera have been measured by a slide technique, as 
has the agglutinin response to acute infection with 
the hemolytic streptococcus. Both have been 
compared with antitoxic immunity by means of 
antistreptolysin determination. 

MATERIALS AND METHODS 
Sera 

All bloods were collected by venipuncture and the sera 
removed from the clots in the usual manner and stored at 
5° C. in the cold room. All sera were inactivated at 56° C. 
for 30 minutes and the antistreptolysin titers determined 
before the agglutination tests were performed. 

a. Preparation of antigens. Antigens for the slide ag- 
glutination tests were prepared and the tests performed in 
the same manner as has been previously described (14), 
using standard type specific strains of Group A hemolytic 
streptococci, obtained from the Lederle Laboratories. 
Many sera were tested against antigens of Types 1, 2, 4, 
6, 9, 11, 12, 13, and 25. 

Frequently an antigen was prepared from an organism 
isolated from the individual under study and used in the 
tests. It proved to be much more satisfactory to use anti- 
gens of the same type, prepared from stock strains which 
were known to give smooth, stable suspensions if the 
homologous organism could be identified serologically. 
Satisfactory antigens could be prepared only if the or- 
ganism was grown very slowly. Incubation at ordinary 
room temperatures in a rotating box usually gave excel- 
lent conditions for this purpose, but it was noted that 
marked granularity and instability developed in antigens 
incubated on very warm days. 

If these precautions failed to induce the development 
of sufficiently smooth suspensions, a drop of 10 per cent 
trypsin solution was added to the thick agglutinating sus- 
pension and the whole was incubated at 37° C. for ap- 
proximately 15 minutes. This procedure was invariably 
followed by the development of a stable but somewhat 
insensitive antigen. It should be emphasized that suspen- 
sions of streptococci quite satisfactory for Griffith typing 
may well be too unstable for use in the testing of human 
sera and false positive reactions will be obtained. 

A stable, diffuse antigen having been obtained, it was 
found to remain in a satisfactory state for many months 
if the living culture was stored at 5° C. in the refrig- 
erator when not in use. No preserv'ative was added. 
Each time tests were to be made the antigens were checked 
with known negative and positive sera. The latter were 
diluted to three-fourths of their agglutinin titer. This 
precaution was especially important if any of the antigens 
contained trypsin. 

b. Preparation of sera. The heated human sera were 
first tested against the various Group A type specific anti- 
gens by means of slide agglutination tests in the undiluted 
state. Further tests were then performed with saline di- 


luted serum against those types showing clumping in one 
minute or less. 

All agglutinin titers in this and the following report 
are described in terms of the actual dilution of the serum 
used in the tests. In the slide test, a small drop of serum 
was mixed with a large drop of antigen suspension, so the 
actual dilution titers were, therefore, from 2 to 4 times 
greater than those presented in these reports. 

Antistreptolysin titers 

The antistreptolysin titer of each serum was determined 
by the method described by Coburn and Pauli (15), who 
were kind enough to supply lyophilized cultures of the 
Aronson strain of streptococcus and generous amounts of 
standard human sera. 

Throat culture 

Swabs were carefully rubbed over the posterior pharynx 
and in both tonsillar fossae. Cultures were prepared and 
serological classification of the isolated hemolytic strepto- 
cocci was performed using the techniques previously de- 
scribed (14, 16). 

PROCEDURE AND RESULTS 

Normal individuals 

The sera of 47 normal, healthy, male, medical 
students were studied to determine the presence 
of agglutinins for Group A streptococci of Types 
1, 2, 4, 6, 9, 11, 12, 13, and 25, which were re- 
sponsible for 60 to 75 per cent of all instances of 
infection in the San Francisco area during the two 
previous years. The antistreptolysin titer of each 
serum was also measured. 

Throat cultures were obtained from each of the 
studied individuals, all of whom had undergone 
previous tonsillectomy more than one year previ- 
ously. None harbored Group A hemolytic strep- 
tococci in the naso-pharynx. The results of study 
of carriers of these organisms will be presented m 
the following paper. 

Results. Figure 1 summarizes the serological 
observations on these 47 normal subjects. The 
highest agglutinin titer for any of the 9 types of 
streptococcus obtained with each serum and the 
antistreptolysin titer was used to construct the 
figure.’ Of the sera, 53.2 per cent contained no 
agglutinins for the studied Group A hemolytic 
streptococci and 21.2 per cent had demonstrable 
agglutinins only when the undiluted serum was 
used in the tests. The agglutinin titer was 1 : 4, 
or more, in 25.6 per cent. 
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titers but has not been presented since no definite 
correlation between the two values was discovered. • 

' Acute infections 

The agglutinin and antistreptolysin response • 
during a,cute infection by the Group A hemolytic ■ 
streptococcus was determined by the frequent 
measurement of these antibodies during the course 
of 24 cases of typical scarlet fever, studied from 
the first ; through the third or fourth week of the 
disease. ■ Twenty-two of the infected individuals 
were children under the age of 14 years, and 2 
were adults. Only one suffered a suppurative 
complication in the form of an otitis media. Fif- 
teen received full doses of a sulfonamide early in . 
the course of the disease. 

Agglutinin response. Agglutinins for the ho- 
mologous type of streptococcus developed in 13 
of the 24 cases in whom these antibodies were not ■ 
present at the onset of the disease. In two cases, 
the serum contained type specific agglutinins on 
the fourth and sixth days, respectively. In one 


TABLE II 


The relation of the Griffith type of infecting streptococcus to 
the maximum agghitinin titer for the homologous type 
in 22 cases of scarlet fever 


Maximum 

agglutinin 

titer 

Griffith types 

Total 

1 

2 

3 

4 

6 

11 

23 

•25 

Uniden- 

tified 

Negative 



1 

1 

S 



2 

9 

Undiluted 





1 




1 

1:4 


1 


1 





2 

1:8 

1 






1 

1 

3 

1:16 




2 

2 


1 


5 

1:32 


1 




1 

2 


2 


of these, the dilution titer was greater than 1 :16, 
in the other, it was not measured. 

When an agglutinin response occurred, the level 
of circulating antibody usually increased sharply 
during the sixteenth to twentieth day after the 
onset of the infection and at a time when con- 
valescence was well established. In two in- 
stances, elevated titers appeared on about the 
twelfth day. These relationships are summarized 
in Figure 2. 
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In Table II, the maximum agglutinin titer for 
the bomologous organism is compared with the 
type of infecting streptococcus. 

A cursory examination of these data indicates 
that Type 11 failed to stimulate an agglutinin re- 
sponse much more frequently than the other types. 
A more critical analysis reveals that this effect 
may have been due to the use of sulfonamides in 
the treatment of certain of these cases. Thus, 
only 6 of 13, or 46.2 per cent, of drug-treated 
cases developed agglutinins, where 7 of 9, or 77.8 
per cent, of those not so treated did so. Further- 
more, response occurred in 3 of 4 imtreated Tj-pe 
11 cases, but none was demonstrated in 4 who 
received a sulfonamide. Insufficient numbers of 
cases of the other types were observed to draw 
further conclusions as to the relationship between 
chemotherapy and the development of these anti- 
bodies. 

Inter-type cross agglutination. In 9 instances, 
sera were examined for cross agglutination with 
other than the homologous organism, using anti- 
gens prepared from the 8 types previously used in 
the study of normal sera. In the following paper, 
the presence of high titers of agglutinins for Group 


A streptococci in the sera of tonsillar carriers of 
these organisms will be described. Obsen^ations 
were made in these 33 cases for the presence of 
cross agglutination reactions as well. The results 
of the stud}" of these 42 cases may well be pre- 
sented at this time. 

In 11 instances, no agglutinins for the homo- 
logous type were demonstrable. Antibodies were 
(hscovered in 6 of these, in titers greater than 1 : 4, 
for one or more of the other types. Cross ag- 
glutinins were not demonstrated in 9 of those in- 
divnduals in whom homologous agglutinins were 
definitely present. Among the others, the hetero- 
logous agglutinin titer roughly paralleled the 
homologous, but was often higher. 

The most frequent cross reactions were T}"pe 6 
with T}"pe 2; T}"pe 11 with T}’pes 1 and 6; T}-pe 
12 with T}’pes 6 and 2 ; and T}'pe 25 with Type 2. 
It is interesting that in instances of infection with 
T}’pes 11 and 12, cross agglutinins for T}’pe 6 
usually were present, but when T}-pe 6 was the in- 
fecting organism, agglutinins for the other two 
t}"pes were never found. 

Antistreptolysin response. An antistreptolysin 
response to infection •with the Group A strep- 
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tococcus occurred in 19 of the 24 cases of scariet 
fever that were studied. The increase in level 
of circulating antitoxin usually accompanied or 
preceded the agglutinin response and developed 
on the thirteenth to eighteenth days of the infec- 
tion. 

Four of the 5 patients in whom no antistrep- 
tolysin response occurred were treated with sul- 
fonamides. It ' is of interest to note that the 5 
individuals who did not form antistreptolysin also 
failed to develop agglutinins. In Figure 3, the 
initial and maximum antitoxin titers are pre- 
sented. In the first week, they were greater than 
250 units in 6 instances. It should also be noted 
that patients with low initial titers tend to have 
low maximum titers and the reverse, but that there 
are notable exceptions to this generalization. Cor- 
relation between the type of infecting streptococ- 
cus and the antistreptolysin response was not ob- 
served, but the 2 cases showing the most striking 
increase in titer were both due to organisms of 
Type 6. 

DISCUSSION 

These observations indicate that the measure- 
ment of hemolytic streptococcus agglutinins in 
human sera by means of a slide technique is a 
satisf actor}' procedure. Most important is the 
use of stable antigens, and methods for their prep- 
aration have been described. 

A study of 47 normal young males, who were 
not carriers of Group A streptococci, using the 
antigens prepared from those types of these or- 
ganisms most frequently the cause of disease in 
the San Francisco area, showed that approxi- 
mately 47 per cent contained agglutinins for one 
or more types. In only 25 per cent, however, 
were the titers as great as 1:4. Such levels were 
present in only 8 per cent of individuals with no 
past history of hemolytic streptococcus disease, 
but were found in 47 per cent of those who had 
experienced infection by this organism. In the 
latter instance, the agglutinin titer was rarely 
greater than 1:8. This evidence suggests that 
these antibodies may be maintained for a long time 
after the recover}* from the responsible disease, 
since none of the studied group admitted a recent 
infection. The range of antistreptolysin titers in 
this group was approximately the same as that re- 
ported in other centers. No correlation was 


demonstrated between the amount of circulating 
agglutinin and antistreptolysin. 

Twenty-four cases of scarlet fever were studied 
to determine the nature of the antibody response 
following acute infection by the Group A hemo- 
lytic streptococcus. An agglutinin response was 
found to occur in approximately one-half of these 
individuals, and usually accompanied or followed 
the rise in antistreptolysin titer during the six- 
teenth to twentieth days of the disease. Agglu- 
tinins for other types of streptococcus also ap- 
peared in several instances. 

Sulfonamide medication appeared to interfere 
with the agglutinin response but the number of 
cases studied is too small for definite conclusions 
to be drawn. 

The sera of two individuals agglutinated the in- 
fecting streptococcus at the onset of the disease. 
In one, the antibody was studied. It was present 
in high titer and was type specific. This observa- 
tion indicates that, while the presence of type 
specific agglutinins for the hemolytic streptococcus 
may be an indication of the presence in the in- 
dividual of antibacterial immunity, the presence of 
these antibodies is not sufficient to guarantee re- 
sistance to infection. Approximately 20 per cent 
of the total group failed to develop an increase in 
titer of antistreptolysin and no agglutinin response 
occurred in these individuals, only one of whom 
was not a sulfonamide-treated case. 

The application of the slide agglutination test 
to other disease, using antigens of several types 
of Group A hemolytic streptococci, is in progress. 
It will be of interest to determine whether ag- 
glutinins are present in the sera of individuals 
suffering from rheumatoid arthritis and rheumatic 
fever, but it seems doubtful that this technique 
will be applicable to the routine diagnosis of any 
disease, since increased amounts of these anti- 
bodies are often present in the sera of normal 
individuals. 

SUMMARY 

1. Agglutinins for Group A hemolytic strep- 
tococci of various Griffith types may be demon- 
strated in human serum by a slide technique. 

2. Such agglutinins are present in the sera of 
well persons and are discovered much more fre- 
quently and in higher titer in those with a past 
history of hemol}*tic streptococcus infection. 
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3. An agglutinin response to the infecting type 
of hemolytic streptococcus, and often to other 
types as well, occurred in approximately SO per 
cent of 24 cases of scarlet fever. 

4. Suggestive evidence is presented that sul- 
fonamide medication occasionally interfered with 
the development of agglutinins and antistrepto- 
lysin. 

5. In 2 cases, agglutinins for the homologous 
type were present at the onset of the acute infec- 
tion, so their presence is not an indication of anti- 
bacterial immunity. 

6. The slide agglutination test may be of value 
in the stud}' of rheumatic fever, rheumatoid arthri- 
tis, and also disease of known streptococcal origin. 
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In the previous paper, hemolytic streptococcus 
antibacterial and antitoxic antibodies were studied 
b}' the determination of agglutinins for v'arious 
Griffith Upes and antistreptolysin, in the sera of 
normal individuals who were not shown to be 
nasopharyngeal carriers of Group A streptococci. 
It is the purpose of this report to describe a more 
extensive study of these antibodies in carriers and 
non-carriers of hemol}'tic streptococci of Group 
A. This program •\vas prompted by rivo previous 
observations. 

First, and most important, were the carefully 
controlled studies of Bloomfield and Feltj’ (1) 
who, in 1926, pointed out that individuals harbor- 
ing hemoljtic streptococci in the tonsils were im- 
mune to infection by these organisms until the 
carrier state had terminated. It therefore seemed 
possible that high titers of circulating antibody 
might be demonstrable in the sera of Group A 
carriers. 

A further incentive to this work arose from the 
study of circulating antibodies in individuals suf- 
fering acute attacks of hemolj'tic streptococcus 
pharyngitis (2, 3), in whom it was observed that 
very great variations existed from patient to pa- 
tient in the level of antistreptolysin at the onset 
of the infection and in the rate of fall after re- 
covery. The high titers demonstrated in some of 
these individuals might have been maintained by 
a prolongation of the carrier state after previous 
infection. The study of hemolytic streptococcus 
carriers is, however, greatly complicated by the 
fact, previously emphasized (4), that ordinary 
throat swabs will recover the organism in a rela- 
tively small number of cases, since it inhabits the 
crypts and not the surface of the tonsil. This is 
particularly true if no recent episode of acute 
infection has occurred. 

In the present study, sera for antibody deter- 
minations were obtained from children who were 


about to undergo tonsillectomy and the entire ex- 
cised tonsil Vi’as then examined b}' cultural meth- 
ods suitable for the isolation of Group A strep- 
tococci. This procedure has permitted the precise 
separation of these indiriduals into carriers and 
non-carriers. 

The results of the determination of the levels of 
circulating antibodies in this group will now be 
presented. 

M.A.TERIAI.S AND METHODS 

Sera, throat sv.abs, and a careful history were obtained 
from 64 children who v/ere about to undergo toasUlectomy. 
Later, the excised tonsils were cultured. 

ANTTBODY DETEEMIN.A.TION 

The levels of circidating agglutinins for the various 
common local types of Group A streptococci and of anti- 
streptolysin were determined in the same manner as that 
described in the previous report (2). 

BACTEEIOLOGICAL OBSERVATIONS 

Throat swabs and excised tonsils were studied cul- 
turally and the isolated hemolytic streptococci were classi- 
fied serologically by means of the techniques that have 
been described in detail elsewhere (4, 5). Group A hemo- 
lytic streptococci were recovered from preoperative throat 
swabs in only 55 per cent of individuals, later proved to 
be carriers by culture of the excised tonsils. 

RESULTS 

Of the 64 children studied, 33 were proved to 
be carriers of Group A hemoljric streptococci. 

Because the proximiri" of active infection is im- 
portant in the consideration of antibodj- mechanics, 
a history of recent or remote streptococcus in- 
fection was sought in each case. Thirty per cent 
of the carriers and 37.1 per cent of the non- 
carriers had suffered a sore throat within 4 weeks, 
and 66.6 per cent and 515 per cent, respective!}', 
within 16 weeks. Two in each group had had 
scarlet fever. No correlation between a history 
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of recent infection and the level of circulating 250 units and only 30.2 per cent were as low as 
antibodies could be established. 100 units or less. The level of antistreptolysin 

Agglutinins and antistreptolysin. In Figure 1, was above 250 units in 22.4 per cent, and 100 units 
the results of the determination of agglutinins and or less in 61.5 per cent of the non-carriers. It is 

antistreptolysin, in relation to the presence or ab- of interest to note that Group C hemolytic strep- 

sence of the carrier state, are correlated graphic- tococci were isolated from the tonsils of 2, and 

ally. Agglutinins were determined, using anti- Group G from 1 of the 7 individuals in this 

gens prepared from Group A streptococci of group whose antistreptolysin titers were greater 

Types 1, 2, 4, 6, 9, 11, 12, 13, and 25, and also, than 250 units. 

in carriers, the homologous type if it was not in- Follow-up studies. When it became apparent 
eluded in the previous group. In the figure, the that elevated antibody titers were demonstrable in 

highest agglutinin titer for any type was plotted, most of the carriers of Group A streptococci, it 

In 27 per cent of the carriers, this was not the became desirable to determine the fate of these 

homologous type. These cross reactions have substances after termination of the carrier state 

been described in the previous paper. by tonsillectomy. Consequently, 21 of the Group 

Of group A carriers, 84.9 per cent had agglu- A carriers were restudied after intervals from 26 

tinin titers greater than 1 : 8, and in only 9.1 per to 100 day^s, and the levels of agglutinins and anti- 

cent, were no agglutinins demonstrated. Among' streptolysin were determined. Throat cultures 
the non-carriers, the situation was entirely dif- were obtained and in no case were Group A strep- 

ferent. Here, titers above 1 : 8 were present in tococci resident in the nasopharynx at the time of 

only 12.8 per cent of the group, and 61.5 per cent re-examination. Follow-up antistreptolysin titers 

had no agglutinins for any of the studied types. are charted in Figure 2. It will be observed that 
Somewhat similar but less dramatic were the definite fall in the level of this antibody occurred 

results obtained by correlating antistreptolysin in 19 of the 21 individuals and that the rate and 

titers with the presence or absence of the carrier relative amount of this change was fairly constant 

state. The figure reveals that 45.5 per cent of for any initial antibody titer, 

individuals who harbored Group A streptococci in Similar results were not obtained in follow-up 
the nasopharynx had antistreptolysin titers above studies of the agglutinin titers. Satisfactory ob- 
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Fig. 1. Agglutinin and Antistrzptolysin Titers in Carriers and Non-Carriers 
OF Group A Hemolytic Streptococci 
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Fio. 2. Fall in Antistreptolysin Titer in 21 Group A Hemolytic Streptococcus Careiehs 

After Tonsillectomy 


serv'ations were available in 17 cases from 40 to 
80 days after tonsi^ector^)^ No change had oc- 
curred in the agglutinin levels of 9, 5 had fallen 1 
dilution, and 3 had fallen 2 dilutions. These 
changes were not correlated in any way with the 
interval of time since operation. 

Results of Griffith typing. The Griffith tj'pes 
of the isolated Group A streptococci -were deter- 
niined, the distribution being presented in Table I. 

Types 6, 12, and 25 were most frequently iso- 
lated from the tonsils of these individuals. In 9 


TABLE i 

DislTibution of Griffith types of group A streptococci 
from excised tonsils 


Griffith types 

1 

2 

4 

6 

9 

H 

12 

22 

23 

25 

27 

Uni- 

denti- 

fied 

Number of 
strains 

2 

I 

3 

6 

1 

2 

5 

1 

1 

6 

I 

4 


instances, agglutinins for the homologous type 
were absent from the serum of carriers. Two of 
these children harbored type 4; 3, tjqie 6; and 3, 
unidentified tjqies. In 6, agglutinins for other 
tj-pes were discovered. No other correlation be- 
tween Griffith tj’pe and any antibody level was 
established. 

DISCUSSION 

The obseiA-ations described in this paper in- 
dicate that tonsillar carriers of Group A strepto- 
cocci have elevated levels of circulating antistrep- 
tococcal antibodies more frequently than do non- 
carriers. These differences are most easily de- 
monstrable by the study of agglutinins, since 
nearly all carriers have markedly increased 
amounts of these antibodies and onl}* a few non- 
carriers do so. A similar but less marked trend 
is apparent when the antistreptolysin titers are 
considered. 
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of recent infection and the level of circulating 
antibodies could be established. 

Aggluiinins and antistreptolysin. In Figure 1, 
the results of the determination of agglutinins and 
antistreptolysin, in relation to the presence or ab- 
sence of the carrier state, are correlated graphic- 
ally. Agglutinins were determined, using anti- 
gens prepared from Group A streptococci of 
Types 1, 2, 4, 6, 9, 11, 12, 13, and 25, and also, 
in carriers, the homologous type if it was not in- 
cluded in the previous group. In the figure, the 
highest agglutinin titer for any type was plotted. 
In 27 per cent of the carriers, this was not the 
homologous type. These cross reactions have 
been described in the previous paper. 

Of group A carriers, 84.9 per cent had agglu- 
tinin titers greater than 1 : 8, and in only 9.1 per 
cent, were no agglutinins demonstrated. Among' 
the non-carriers, the situation was entirely dif- 
ferent. Here, titers above 1 : 8 were present in 
only 12.8 per cent of the group, and 61.5 per cent 
had no agglutinins for any of the studied types. 

Somewhat similar but less dramatic were the 
results obtained by correlating antistreptolysin 
titers with the presence or absence of the carrier 
state. The figure reveals that 45.5 per cent of 
individuals who harbored Group A streptococci in 
the nasopharynx had antistreptolysin titers above 


250 units and only 30.2 per cent were as low as 
100 units or less. The level of antistreptolysin 
was above 250 units in 22.4 per cent, and 100 units 
or less in 61.5 per cent of the non-carriers. It is 
of interest to note that Group C hemolytic strep- 
tococci were isolated from the tonsils of 2, and 
Group G from 1 of the 7 individuals in this 
group whose antistreptolysin titers were greater 
than 250 units. 

Follow-up studies. When it became apparent 
that elevated antibody titers were demonstrable in 
most of the carriers of Group A streptococci, it 
became desirable to determine the fate of these 
substances after termination of the carrier state 
by tonsillectomy. Consequently, 21 of the Group 
A carriers were restudied after intervals from 26 
to 100 days, and the levels of agglutinins and anti- 
streptolysin were determined. Throat cultures 
were obtained and in no case were Group A strep- 
tococci resident in the nasopharynx at the time of 
re-examination. Follow-up antistreptolysin titers 
are charted in Figure 2. It will be observed that 
definite fall in the level of this antibody occurred 
in 19 of the 21 individuals and that the rate and 
relative amount of this change was fairly constant 
for any initial antibody titer. 

Similar results were not obtained in follow-up 
studies of the agglutinin titers. Satisfactory ob- 
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Fig. 1. Agglutinin and Antistreptolysin Titers in Carriers and Non-Carriers 
OF Group A Hemolytic Streptococci 
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niaintainancc of elevated levels of antistreptolysin 
and possibly of agglutinins. 
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The interpretations of these results is difficult 
since two obvious causes for these variations in 
antibody level may be advanced. First, the pres- 
ence of hemolytic streptocococci in the tonsil may 
stimulate the maintainance of increased amounts 
of antibody or, second, carriers may simply have 
more recently undergone an active hemolytic 
streptococcus infection. The last hypothesis is 
not borne out by the histories obtained from the 
studied individuals or their families, but the value 
of such data in regard to respiratory infections in 
dhildren is questionable. 

A study ;of the antibody levels for a long time 
before and after tonsillectomy is necessary for the 
adequate evaluation of the importance of the 
carrier state in their maintenance. The follow-up 
observations in this study after operation are of 
interest, however, because of the consistent fall in 
antistreptolysin titer over a two-month period. 
A careful consideration of previous studies indi- 
cates that no such constant relationship exists if 
the antistreptolysin titers are followed over long 
periods, after an acute infection. While there is 
always a general tendency for the titers to return 
to normal with the passage of time, yet anti- 
streptolysin titers greater than 400 units were 
present 6 months after an acute streptococcal re- 
spiratory infection in 49 per cent of the group 
studied by Mote and Jones (3). These same 
authors followed 12 cases at frequent intervals 
after an acute infection. Usually the antistrep- 
tolysin titer was well maintained for a long time 
or fell very slowly. Jn about half, the titers de- 
creased rapidly after remaining at a high level for 
several months. 

In the present group, the antistreptolysin titers 
fell markedly in 90 per cent of the cases during 
an interval of about 2 months. It seems reason- 
able to suppose that the stimulus to this constant 
occurrence, so unlike that observed by others, was 
the termination of the carrier state by tonsillec- 
tomy, and that the presence of Group A strepto- 
cocci in the tonsil did contribute to the main- 
tenance of increased amounts of antistreptolysin. 

The high antistreptolysin titers discovered in a 
small number of non-carriers may be explained 
in three ways. Half of this group harbored 
strains of Groups C and G in the tonsil, and it has 
been shown elsewhere (6) that certain members 
of these groups are toxigenic and produce strep- 


tolysin, antigenically similar to that of Group L 
The presence of these organisms may have stimu- 
lated and maintained high levels of antistreptoly- 
sin. It is possible that in the others, a previous 
Group A carrier state was terminated spontane- 
ously just before the individuals came under study, 
or that the cultural techniques failed in an occa- 
sional instance to recover the hemolytic strep- 
tococci resident in the tonsil. 

A consistent fall of agglutinin titer after tonsil- 
lectomy was not observed and much more detailed 
study will be necessary to determine the im- 
portance of the carrier state for the maintainance 
of increased amounts of these antibodies, but it is 
possible that titers above 1 : 8 are stimulated by 
hemolytic streptococci in the nasopharynx, since 
these levels are rarely found in the sera of non- 
carriers. 

The presence of large amounts of circulating 
antibacterial and antitoxic antibodies in the sera 
of Group A hemolytic streptococcus carriers can- 
not be interpreted as evidence that such indivi ■ 
uals are immune to infection by these organisms, 
since the protective value of these substances is m 
no sense established. It is of great interest, ow 
ever, that these evidences of potential immunity 
should be so constantly present in a group o m 
dividuals that has been previously demonstiate , 
by Bloomfield and Felty, to be extremely resistan 
to infection. Further studies for the purpose 
clarifying these important points are in progress 
and will be described later, 

SUMMARY 

1. The Group A hemolytic streptococcus agglu' 
tinin and the antistreptolysin titers of^ the _ 
64 children were measured just previous to 

sillectomy. , 

2. Thirty-three of these individuals were 
onstrated to be Group A carriers by culture o 

excised tonsils, . , pc 

3. The sera of carriers contained _ g ^ 

amounts of agglutinins and antistrepto ysm 
did that of non-carriers, . , 

4. When the carrier state was 
tonsillectomy, there was a constant ec ^ 
antistreptolysin titer within 60 days, an 

regular fall in agglutinin titer. rroup 

5. It seems probable that the presence o 
A streptococci in the tonsil contributes 
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The interpretations of these results is difficult 
since two obvious causes for these variations in 
antibody level may be advanced. First, the pres- 
ence of hemolytic streptocococci in the tonsil may 
stimulate the maintainance of increased amounts 
of antibody or, second, carriers may simply have 
more recently undergone an active hemolytic 
streptococcus infection. The last hypothesis is 
not borne out by the histories obtained from the 
studied individuals or their families, but the value 
of such data in regard to respiratory infections in 
dhildren is questionable. 

A study; of the antibody levels for a long time 
before and after tonsillectomy is necessary for the 
adequate evaluation of the importance of the 
carrier state in their maintenance. The follow-up 
observations in this study after operation are of 
interest, however, because of the consistent fall in 
antistreptolysin titer over a two-month period. 
A careful consideration of previous studies indi- 
cates that no such constant relationship exists if 
the antistreptolysin titers are followed over long 
periods, after an acute infection. While there is 
always a general tendency for the titers to return 
to normal with the passage of time, yet anti- 
streptolysin titers greater than 400 units were 
present 6 months after an acute streptococcal re- 
spiratory infection in 49 per cent of the group 
studied by Mote and Jones (3). These same 
authors followed 12 cases at frequent intervals 
after an acute infection. Usually the antistrep- 
tolysin titer was well maintained for a long time 
or fell very slowly. .In about half, the titers de- 
creased rapidly after remaining at a high level for 
several months. 

In the present group, the antistreptolysin titers 
fell markedly in 90 per cent of the cases during 
an inter\'al of about 2 months. It seems reason- 
able to suppose that the stimulus to this constant 
occurrence, so unlike that observed by others, was 
the termination of the carrier state by tonsillec- 
tom}^ and that the presence of Group A strepto- 
cocci in the tonsil did contribute to the main- 
tenance of increased amounts of antistreptolysin. 

The high antistreptolysin titers discovered in a 
small number of non-carriers may be explained 
in three ways. Half of this group harbored 
strains of Groups C and G in the tonsil, and it has 
been shown elsewhere (6) that certain members 
of these groups are toxigenic and produce strep- 
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pies were tested several days after the specimens were 
obtained.^ 

The method used to determine the concentration of 
penicillin in the samples of the various body fluids has 
been described previously (4). In brief, serial dilutions 
of 0.2 cc. of the unknown sample were made with 0.2 cc. 
plain broth through a series of 3 to 14 tubes. In addition, 
0.5 cc. of the unknown sample was added to one tube. 
Similar dilutions of a known standard of penicillin, con- 
taining 20 Florey units per cc., were made. To all the 
tubes was added, then, 0.5 cc. of plain broth containing 
1 per cent erythrocytes and from 1,000 to 10,000 hemolytic 
streptococci of a standard strain. The tubes were placed 
in an incubator at 37° C. for 18 to 24 hours and examined 
for visible growth. In general, those cultures showing no 
hemolysis were sterile. However, this was checked by 
streaking several dilutions on either side of the end point 
on blood-agar plates. 

The concentration of penicillin in the unknown sample 
may then be determined by comparison with the standard 
control of penicillin.® It has been found that 0.0039 
Florey unit is required to sterilize the culture of hemo- 
lytic streptococci contained in a total volume of 0.7 cc. 

EFFECT OF INTRAVENOUS ADMINISTRATION ON THE 
SERUM CONCENTRATION AND URINARY 
. EXCRETION 

Figure 1 shows the concentrations of penicillin 
in the serum, and the cumulative excretion in the 
urine in a subject with an inlying catheter, follow- 
ing the injection of 20,000 Florey units. The 

4 If the specimen to be tested is kept at icebox tempera- 
tures, there is no appreciable loss of penicillin (4). 

® The figures recorded in this paper on the concentra- 
tion of penicillin in the various body fluids are subject to 
the error of dilution methods in general. 


level in the serum rose rapidly, reaching a maxi- 
mum immediately after the injection. {Following 
this, there was a very rapid fall and at the end of 
140 minutes, no penicillin could be detected. The 
rapid excretion into the urine is especially well 
demonstrated here, where 43 per cent] of the in- 
jected dose was recovered within 1 hour after the 
injection. The concentration of penicillin was so 
high during this period that the urine wa^ colored 
a bright yellow. In a few patients from whom 
frequent collections of urine were made, I it was 
also noted that the period of greatest excrenon of 
penicillin was accompanied by an increase'^ vol- 
ume of urine. 

In all experiments in normal subjects, frem 37 
to 99 per cent of the intravenous dose was found 
in the urine, and the greatest amount was ex- 
creted in the first hour. 

The effect on the concentration in the serum of 
varying the size of the dose of penicillin is illus- 
trated in Figure 2. The single doses ranged from 

5.000 to 40,000 Florey units. The greatest rise 
occurred immediately following the largest dose. 
Traces of penicillin were detected in the serum 
for only 30 to 40 minutes after 5,000 Florey units 
had been injected, whereas with amounts as large 
as 20,000 to 40,000 units, traces were observed 
for as long as 185 minutes after injection. 

It is of some interest to point out that the spinal 
fluid of 3 patients (Subjects 4, 5, and 8, Table I) 
contained no penicillin after the injection of from 

10.000 to 20,000 Florey units. 



Fig. 1. R-^te of Excretion of Penicillin Following 
Intr-Wenous Administration 
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TABLE I 

Serum concentralions and urinary excretion of penicillin after administration by various routes 


Route 

Dose 

Subject 

Scrum 

Urine 

Diagnosis and 
remarks 

Number 

Age 

Weight 

Time* 

Units 

Time 

Voiume 

Units 

Units 

ex- 

creted 

(cumu- 

lative) 

Intra- 

venous 

5,000 

1 

years 

36 

lbs. 

139 

minutes 

5 

20 

30 

40 

70 

i>er cc. 

0.156 

0.039 

0.019 

tr. 

0 

minutes 

cc. 

ter cc. 


Chronic osteomyelitis 

Intra- 

venous 

5,000 

2 

31 

192 

1 

3 

9 

30 

40 

0.625 

0.312 

0.156 

0.078 

0 

60 

200 

540 

164 

118 

440 

20.0 

1,25 

0.039 

3,280 

3,427 

3,444 

Normal subject 

Intra- 

venous 

5,000 

11 

28 

152 

1 

3 

7 

12 

20 

30 

40 

1.25 

0.312 

0.156 

0.156 

0.039 

tr. 

0 

60 

655 

97 

379 

40.0 

0.625 

3,880 

4,117 

Normal subject 

Intra- 

venous 

10,000 

2 

31 

192 


0.625 

0.078 

0.039 

0.019 

0.007 

0 

60 

120 

180 

240 

144 

590 

59 

32 

40.0 

0.625 

1.25 

1.25 

5,760 

6,127 

6,200 

6,232 

Normal subject 

Intra- 

venous 

10,000 

3 

40 

118 

2 

10 

20 

30 

37 

45 

60 

75 

90 

105 

1.25 

0.312 

0.156 

0.156 

0.078 

0.039 

0.019 

0.019 

0.007 

0 

5 

240t 

3 

245 

0 

16 

0 

3,955 

Normal subject 

Intra- 

venous 

10,000 

4 

55 

111 

5 

30 

90 

150 

210 

0.625 

0.078 

0.019 

0.019 

0.019 





Spinal fluid at 5, 15, 
30, and 45 minutes 
contained no penicil- 
lin 

Intra- 

venous 

10,000 

5 

23 

101 

5 

105 

5.0 

0 





Patient 5 months preg- 
nant. Spinal fluid 
at 95 minutes con- 
tained no penicillin 

Intra- 

venous 

20,000 

6 

52 

153 

1 

10 

22 

45 

125 

150 

185 

2.5 

0.625 

0.156 

0.156 

0.019 

0.007 

tr. 

60 

120 

180 

240 

300 

345 

18.4 

14.5 

79.6 
28.9 
25.4 

21.6 

175.4 

129.3 

29.1 

6.2 

1.6 

1.9 

3,228 

5,103 

7,424 

7,603 

7,644 

7,688 

Brain tumor 


20,000 

■ 

24 

112 

5 

90 

180 

10.0 

0.156 

0 

240 

124.0 

160.0 

19,840 

Subacute bacterial en- 
docarditis 


All times recorded are from the end of penicillin administration, 
t No further urine specimens obtained. 

Serum and urine concentrations are recorded only to the time when penidllin was no longer detected. Tr. = trace 
of penicillin. 
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Subject 

Serum 

Urine 


Route 

Dose 

Number 

Age 

Weight 

Time * 

Units 

g 

Volume 

Units 

Units 

ex- 

creted 

(cumu- 

lative) 

Diagnosis and 
remarks 




years 

lbs. 

minutes 

i>er cc. 

minutes 

CC, 

per cc. 



Intra- 

20,000 

8 

48 

133 

10 

1.25 





Spinal fluid at 135, 

venous 




25 

0.312 





165, and 195 min- 






50 

0.078 





utes contained no 






75 

0.039 





penicillin 






105 

0.019 










150 

tr. 











180 

0 






Intra- 

20,000 

9 

35 

124 

10 

0.625 

15 

4.2 

0 

0 

Boeck’s sarcoid 

venous 




20 

0.312 

30 

9.4 

125.0 

1,174 







30 

0.156 

45 

21.0 

250.0 

6,424 







40 

0.078 

60 

55.4 

31.2 

8,152 







50 

0.039 

75 

93.0 

2.68 

8,478 







60 

0.039 

105 

113.9 

1.56 

8,655 







82 

0.039 

120 

34.9 

1.83 

8,734 







100 

0.019 

150 

34.8 

3.12 

8,847 







115 

0.007 

165 

14.2 

3.13 

8,891 







140 

0 

210 

40.1 

1.56 

8,954 









240 

37.2 

0.78 

8,984 









300 

132.7 

0.20 

9,011 









360 

96.9 

0.08 

9,019 









660 

217.4 

0.04 

9,028 


Intra- 

40,000 

10 

33 

155 

1 

2.5 

125 

181.0 

80.0 

14,480 

Chronic osteomyelitis 

venous 





3 

1.25 

225 

■K ixn 

1.25 

14,692 






9 

0.625 

330 


0.312 

14,702 







13 

0.312 

400 

BciVil 


14,724 







25 

0.156 

480 

52.0 

0.078 

14,728 







42 

0.078 










65 

0.078 











80 

0.039 











95 

0.019 











120 

0.007 











140 

0.007 











180 

0 





- 

Subcuta- 

10,000 

12 

21 

163 

5 

0 



1.25 

356 

Rheumatic fever 

neous 




20 

0 

HSiifiH 

Bf> •id 

10.0 

1,706 






35 

0 

HSiiH 

205.0 

1.25 

1,962 







60 

tr. 

660 

123.0 

0.078 

1,972 







85 

tr. 











120 

0.007 











150 

0.007 











190 

0.007 











255 

0.007 











300 

tr. 







Subcuta- 

10,000 

13 


127 

5 

0 

70 / 



900 

Normal subject 

neous 



/ 

15 

0 

0 

250 

380 



6,500 

8,200 








0 

540 : 


2,5 

8,427 








0 

720 



8,462 








0 

1,470 



8,462 








tr. 




/■ ■' 







tr. 











% 


tr. 

1 • 




. 

i‘ • osteomyeliti-S 




139 







Intramus 

l|EB 








cular 




A 
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TABLE I — Continued 


Route 

Do?c 

Subicct 

Seram 

Urine 

Diagnosis and 
remarics 

Number 

Arc 

Weight 

Time • 

Units 

Time 

Volume 

Units 

Units 

ex- 

creted 

(cumu- 

lative) 

Intramus- 

cular 

10,000 

14 

years 

28 

tbs. 

154 

minutes 

5 

12 

25 

45 

70 

100 

120 

135 

160 

185 

Per cc. 

0.078 

0.078 

0.078 

0.078 

0.015 

tr. 

tr. 

tr. 

tr. 

0 

minutes 

100 

250 

390 

1,320 

cc. 

415.0 

238.0 

598.0 

380.0 

Per cc. 
20.0 

5.0 

0.156 

0 

8,300 

9,490 

9,583 

9,583 

Rheumatoid arthritis 

Intra- 

articu- 

lar 

(knee 

joint) 

10,000 

12 

21 

163 

5 

IS 

25 

45 

55 

70 

95 

130 

180 

210 

240 

1 

120 

240 

420 

540 

780 

208.0 

237.0 

190.0 

176.0 

465.0 

2.5 

5.0 

2.5 

0.312 

0.019 

520 

1,705 

2,108 

2,163 

2,171 

Rheumatic fever 

Intra- 

pleural 

10,000 

19 

40 


15 

30 

60 

90 

120 

150 

210 

255 

300 

375 

435 

tr. 

0.007 

tr. 

tr. 

0.007 

0.007 

tr. 

tr. 

0.007 

0.007 

0.007 

275 

600 

1,020 

525.0 

575.0 

336.0 

2.5 

0.625 

0.625 

1 

Empyema fluid at 22 
hours contained 0.78 
unit per cc. 

Intra- 

pleural 

5,000 

21 

13 

78 

60 

120 

175 

245 

0 

0 

0 

0 

255 

420 

660 

1,500 

407.0 

228.0 

131.0 

173.0 

5.0 

0.625 

0.312 

0.039 

2,035 

2,177 

2,217 

2,224 

Chronic empyema 

Intra- 

pleural 

30,000 

20 

16 

123 

30 

90 

135 

225 

380 

460 

i 

120 

305 

465 

705 

900 

1,140 

129.0 

135.0 

126.0 

183.0 

135.0 

175.0 

1.25 

10.0 

5.0 

5.0 

1.25 

1.25 

161 

1,511 

2,141 

3,056 

3,225 

3,444 

Injected into empy- 
ema cavity. At 24 
hours empyema fluid 
contained 3.12 units 
per cc. 

Sinus 

tract 

12,000 

22 

21 

132 

45 

80 

110 

ISO 

0.039 

0.019 

tr. 

0 

485 

720 

1,200 

346.0 

112.0 
173.0 

s 

108 

125 

132 

Chronic osteomyelitis 

Intra- 

bursal 

(supra- 

patel- 

lar) 

10,000 

14 

28 

154 

15 

30 

50 

70 

85 

115 

145 

190 

0 

0 

0 

0 

0 

0.007 

tr. 

0 

120 

240 

300 

360 

480 

810 

363.0 

91.0 

54.0 

324.0 

548.0 

325.0 

5.0 

20.0 

10.0 

0.312 

0.156 

0.078 

1,815 

3,635 

4,175 

4,276 

4,361 

4,386 

Rheumatoid arthritis 
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Route 

Dose 

Subject 

Serum 

Urine 

Diagnosis and 
remarks 

Number 

Age 

Weight 

Time * 

Units 

Time 

Volume 

Units 

Units 

ex- 

creted 

(cumu- 

lative) 

Intra- 

venous 

20,000 

8 

years 

48 

lbs. 

133 

minutes 

10 

25 

50 

75 

105 

150 

180 

Per cc. 

1.25 

0,312 

0.078 

0.039 

0.019 

tr. 

0 

minutes 

CC, 

per cc. 


Spinal fluid at 135, 
165, and 195 min- 
utes contained no 
penicillin 

Intra- 

venous 

20,000 

9 

35 

1 

124 

1 

1 

10 

20 

30 

40 

50 

60 

82 

100 

115 

140 

1 

0.625 

0.312 

0.156 

0.078 

0.039 

0.039 

0.039 

0.019 

0.007 

0 

15 

30 

45 

60 

75 

105 

120 

150 

165 

210 

240 

300 

360 

660 

4.2 

9.4 

21.0 

55.4 

93.0 
113.9 

34.9 

34.8 
14.2 

40.1 

37.2 
132.7 

96.9 
217.4 

0 

125.0 

250.0 
31.2 

2.68 

1.56 

1.83 

3.12 

3.13 
1.56 
0.78 
0.20 
0.08 
0.04 

0 

1,174 

6,424 

8,152 

8,478 

8,655 

8,734 

8,847 

8,891 

8,954 

8,984 

9,011 

9,019 

9,028 

Boeck's sarcoid 

Intra- 

venous 

40,000 

10 

33 

1 

155 

1 

3 

9 

13 

25 

42 

65 

80 

95 

120 

140 

180 

2.5 

1.25 

0.625 

0.312 

0.156 

0.078 

0.078 

0.039 

0.019 

0.007 

0.007 

0 

125 

225 

330 

400 

480 

1 

181.0 

170.0 

36.0 

36.0 

52.0 

80.0 

1.25 

0.312 

0.625 

0.078 

14,480 

14,692 

14,702 

14,724 

14,728 

Chronic osteomyelitis 

Subcuta- 

neous 

i 

10,000 

12 

21 

163 

5 

20 

35 

60 

85 

120 

150 

190 

255 

300 

0 

1 0 

0 

tr. 

tr. 

0.007 

0.007 

0.007 

0.007 

1 *'*'■ 


Bk 

Be ml 
HHHiB' 

1.25 

10.0 

1.25 

0.078 

356 

1,706 

1,962 

1,972 

Rheumatic fever 

Subcuta- 

neous 

10,000 

13 

30 

i 

i 

1 

127 

5 

15 

40 

60 

80 

100 

115 

135 

155 

180 

205 

1 0 

0 

s 

0 

■ 0 
tr. 
tr. 
tr. 

■o- 

70 

250 

380 

540 

720 

1,470 

182.0 

70.0 

85.0 

91.0 
112.0 
226.0 

5.0 

80.0 

20.0 

2.5 

0.312 

0 

900 

6,500 

8,200 

8,427 

8,462 

8,462 

Normal subject 

Intramus- 

cular 

10,000 

1 

36 

139 

5 

30 

60 

90 

120 

150 

0.039 

0.078 

0.078 

0.039 

0.007 

0 





Chronic osteomyelitis 
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INTRAVENOUS A 0.5 I 2 3 

INJECTION I HOURS 


Fig, 2. Seritm Concentrations Following Varying Doses 
OF Penicilun 


effect OF VARIOUS PARENTERAL ROUTES OF AD- 
MINISTRATION ON SERUM CONCENTRA- 
TION AND U'RINARY EXCRETION 

In contrast to the immediate rise and very 
rapid fall in the level of penicillin in the serum 
following an intravenous injection, were the con- 
centrations obtained after intramuscular and sub- 
cutaneous injections (Figure 3). After an intra- 
muscular injection of 10,000 Florey units, there 
was a rather rapid rise in the serum concentra- 
tion, which, however, did not reach as high a 
level as that obtained after an intravenous dose. 
The concentration in the serum then tended to 
remain at the peak height for 30 to 45 minutes and 



10,000 A I 2 3 4 

UNITS I HOURS 


Fig. 3. Concentration of Penicillin in Blood Serum 
Followtnc Parenteral Injection 


thereafter decreased gradually. In 2 subjects 
(Numbers 1 and 14), the last trace was detected 
at 120 and 160 minutes, respectively. Urinaiy 
excretion was not prolonged in Subject 4. 

The subcutaneous injection of 10,000 Florqr 
units resulted in a rather prolonged delay in the 
appearance of pem'dlh'n in the blood stream. In 
2 subjects (Numbers 12 and 13), it was first de- 
tected in the serum at 85 and 115 minutes, re- 
spectively, Its concentration in the plasma never 
reached the high levels obtained by either intra- 
venous or intramuscular injection. Excretion in 
the urine was definitely delayed. 

ABSORPTION AND EXCRETION FROM BODY CAVITIES 

In Subject 12, 10,000 Florey units of penicillin 
were injected into the right knee joint. Penicil- 
lin was first detected in the serum 25 minutes later 
and reached a maximum height of 0.019 Florey 
unit per cc. at 70 minutes. The excretion in the 
urine was similar to that obseived after subcutane- 
ous injections in that it was delayed. A total of 
21 per cent of the administered dose was found 
in the urine. At the end of 780 minutes, the knee 
was again aspirated and the fluid thus obtained 
was found to contain 0.039 FIore3' unit per cc. 

In another subject (Number 14), 10,000 Florey 
units were injected into the suprapatellar bursa 
after it had been aspirated. Penicillin was first 
detected in the serum at 115 minutes. There was 
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Route 

Dose 

Subject 

j Serum 

Urine 


Number 

Age 

Weight 

1 

Time* 

Units 

Time 

Volume 

Units 

Units 

ex- 

creted 

(cumu- 

lative) 

Diagnosis and 
remarks 

Oral 

10,000 

IS 

years 

17 

lbs. 

149 

minutes 

10 

25 

40 

60 

80 

100 

130 

155 

180 

i>er cc. 

0 

tr. 

0.007 

0.007 

0.007 

0.007 

tr. 

tr. 

0 . 

minutes 

90 

180 

270 

420 

480 

cc. 

163.0 

114.0 

532.0 

582.0 

280.0 

fier cc. 

2.5 

5.0 

0.078 

0 

0 

407 

977 

1,018 

1,018 

1,018 

Idiopathic epilepsy 

Oral 

20,000 

16 

21 

142 

! 

5 

30 

70 

95 

120 

165 

210 

0 

0 

0 

0 

0 

0 

0 

60 

300 

600 

840 

300.0 

432.0 

255.0 

163.0 

0.312 

1.25 

0.039 

0 

93 

633 

643 

643 

Inguinal hernia 

Oral 

20,000 

16 

1 

i 

21 

142 

1 5 

18 

30 

45 

65 

85 

0 

0 

0.007 

0.039 

0.007 

0 

165 

325 

365 

560 

705 

200.0 

243.0 
90.0 

134.0 

127.0 

2.5 

1.25 

2.5 

0.078 

0 

500 

803 

1,028 

1,038 

1,038 

Given 4 grams of so- 
dium bicarbonate 10 
minutes before ad- 
ministration of peni- 
cillin 

Duo- 

denal 

j 

10,000 

17 

42 

199 

5 

15 

30 

45 

60 

75 

0.007 

0.039 

0.019 

0.007 

tr. 

0 

240 

330 

465 

557.0 

171.0 

330.0 

2.5 

1.25 

0.019 

1,392 

1,606 

1,612 

Menorrhagia 

Duo- 

denal 

20,000 

18 

35 

1 

128 

5 

15 

25 

35 

45 

55 

80 

0 

0.039 

0.039 

0.039 

0.019 

0.019 

tr. 

55 

215 

285 

495 

555.0 

156.0 

73.0 

95.0 

2.5 

2.5 

2.5 

0.625 

1,387 

1,777 

1,958 

2,017 

Psychoneurosis 

Rectal 

10,000 

1 

1 

1 

36 

139 

10 

45 

90 

120 

150 

180 

225 

270 

0 

0.007 

0.007 

0.007 

tr. 

tr. 

tr. 

0 

1 

I|||hh 

2.5 

5.0 

2.5 

2.5 

0.625 

277 

677 

947 

1,147 

1,231 

Chronic osteomyelitis 

Rectal 

20,000 

1 

36 

139 

1 

1 

5 

20 

40 

60 

80 

100 

120 

150 

180 

240 

270 

300 

360 

0 

0.007 

0.007 

tr. 

0 

0.007 

0.007 

0.007 

0.007 

tr. 

0.007 

tr. 

0 


454.0 

302.0 
88.0 

135.0 
88.0 
94.0 

0.078 

0.625 

5.0 

1.25 

1.25 

1.25 

35 

223 

663 

831 

941 

1,058 

Chronic osteomyelitis 
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INTRAVEHO'JS A 0.5 I 2 3 

IHJECTIOH I HOURS 


Fig. 2. Serum Cokcentratioks Following Varying Doses 
OF Penicillin 


effect of various PARENTERAL ROUTES OF AD- 
MINISTRATION ON SERUM CONCENTRA- 
TION AND URINARY EXCRETION 

In contrast to the immediate rise and very 
rapid fall in the level of penicillin in the serum 
following an intravenous injection, were the con- 
centrations obtained after intramuscular and sub- 
cutaneous injections (Figure 3). After an intra- 
muscular injection of 10,000 Florey units, there 
was a rather rapid rise in the serum concentra- 
tion, which, however, did not reach as high a 
level as that obtained after an intravenous dose. 
The concentration in the serum then tended to 
remain at the peak height for 30 to 45 minutes and 



Fig. 3. Ojncentration of PENiaLUN in Blood Serum 
Following Parenteral Injection 


thereafter decreased gradually. In 2 subjects 
(Numbers 1 and 14), the last trace was detected 
at 120 and 160 minutes, respective!}'. Urinary 
excretion was not prolonged in Subject 4. 

The subcutaneous injection of 10,000 Florey 
imits resulted in a rather prolonged delay in the 
appearance of penicillin in the blood stream. In 
2 subjects (Numbers 12 and 13), it was first de- 
tected in the serum at 85 and 115 minutes, re- 
spectively. Its concentration in the plasma never 
reached the high levels obtained by either intra- 
venous or intramuscular injection. Excretion in 
the urine was definitely delayed. 

ABSORPTION AND EXCRETION FROM BODY CAVITIES 

In Subject 12, 10,000 Florey units of penicillin 
were injected into the right knee joint. Penicil- 
lin was first detected in the serum 25 minutes later 
and reached a maximum height of 0.019 Florey 
unit per cc. at 70 minutes. The excretion in the 
urine was similar to that observed after subcutane- 
ous injections in that it was delayed. A total of 
21 per cent of the administered dose was found 
in the urine. At the end of 780 minutes, the knee 
was again aspirated and the fluid thus obtained 
was found to contain 0.039 Florey unit per cc. 

In another subject (Number 14), 10,000 Florey 
units were injected into the suprapatellar bursa 
after it had been aspirated. Penicillin was first 
detected in the serum at 115 minutes. There was 





432 


CHARLES H. RAMMELKAMP AND CHESTER S. KEEFER 


2 

i 0.312 

UJ 

tfi 

0;I56 
d . 

^ 0.078 

E 0.039 

o 0.019 
z 

UJ 

Q- 0.009 

{!? TRACE 
z 

3 


EMPYEMA FLUID 

22 *-0.78 UNITS 

X OF DOSE 
IN URINE 

_ ro u 

O o O o 





10,000 yk 

UNITS I 


3 4 5 6 7 9 II 13 15 

HOURS 


Fig. 4. Absorption and Excretion of Penicillin from 
Empyema Cavity 


a delay in its excretion in the urine, but the total 
amount excreted was 43 per cent. 

Figure 4 shows the results obtained in Subject 
19 following the injection of 10,000 Florey units 
directly into an empyema cavity. The cavity was 
aspirated and the penicillin then injected through 
the same needle. Within 15 minutes, a trace of 
penicillin was present in the serum, and for a 
total of 420 minutes, all samples of plasma con- 
tained, a trace to 0.007 Florey unit per cc. The 
excretion in the urine was somewhat delayed. At 
the time of surgical drainage, 22 hours after the 
injection, a sample of the exudate contained 0.78 
Florey unit per cc. 

Subject 21 received only 5,000 Florey units 
which were injected through a draining sinus into 
an old empyema cavity. In this subject, no peni- 
cillin was detected in the serum ; however, 44 per 
cent of the dose injected was found to be excreted 
in the urine. On another occasion, the same sub- 
ject excreted 42 per cent of 5,000 Florey units 
which had been injected into the sinus. Following 
this, the patient received 3 injections of 10,000 
Florey units and the subsequent excretion was 
found to be 33, 4, and 13 per cent, respectively. 

One subject (Number 20) who developed an 
emp}'ema following a lobectomy received 30,000 
Florey units in a single dose. There was a rather 
long delay in the appearance of the substance in 
the blood stream and likewise a delay in its excre- 
tion in the urine. The total excretion amounted 


to 11 per cent of the administered dose. Aspira- 
tion of the cavity 24 hours after injection showed 
that the exudate still contained 3.12 units per cc. 

Similar results were obtained when penicillin 
was injected into a chronic sinus extending from 
the left buttock up to the lower pole of the left 
kidney (Subject 22). Penicillin appeared in the 
serum in this patient although the urinary excre- 
tion amounted to only 1 per cent. This may be 
partially explained by the fact that after the first 
4 hours of this study, the patient moved about in 
bed, which allowed the penicillin to drain out 
through the sinus. 

ABSORPTION AND EXCRETION AFTER ENTERAL 
ADMINISTRATION 

The absorption and excretion of penicillin were 
studied after oral, intraduodenal, and rectal ad- 
ministration of 10,000 to 20,000 Florey units. 
Figure 5 demonstrates the concentrations ob- 
tained in the serum of the 3 subjects (Numbers 
17, 15, and 1) following the administration of 
10,000 Florey units by the intraduodenal, oral, 
and rectal routes, respectively. After the intra- 
duodenal administration, there was a greater and 
more rapid rise in the concentration in the serum 
than was observ’ed following rectal or oral ad- 
ministration, the curve being similar to that ob- 
tained after intravenous or intramuscular injection 
in that there was a rather abrupt rise, a short 
duration of the peak concentration, and a rapid 
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Fig. S. Cokcektration- of Peniollin is* Blood Serum 
After Enteral Administration 


disappearance of penicillin from the blood stream. 
Although the e.xcretion was apparently more rapid 
following intraduodenal administration, the total 
amount found in the urine was of the same order 
as that found after oral and rectal administration, 
the amount excreted being 10, 16, and 12 per 
cent following the oral, intraduodenal, and rectal 
doses, respectively. 

In Subject 16, 20,000 units of penicillin were 
given by mouth after 12 hours of fasting, and 
again after a 12-hour fast and the ingestion of 4 
grams of sodium bicarbonate, 10 minutes prior 
to the dose of penicillin. In the first instance, no 
penicillin appeared in the serum ; following sodium 
bicarbonate, small amounts were detected for a 
period of 35 minutes. The excretion in the two 


tests was of the same order, being 3 and 5 per 
cent of the administered dose. 

EFFECT OF RENAL FUNCTION ON EXCRETION 

In this study, 3 patients were given a standard 
dose of 10,000 units of penicillin intravenously. 
Brief case histories are presented below. 

Subject A 

This patient, a female, 34 years old, had been observed 
over a period of 6 years with chronic progressive renal 
failure. At the time penicillin was administered, the blood 
pressure was 180/106. Urine examinations showed a spe- 
cific gravity of 1.003 to 1.013, albumin was present in all 
specimens, and many leukocytes and erjdhrocs'tes were 
seen on microscopic examination. The red cell count was 
2,770,000 and the hemoglobin content was 56 per cent. 
The non-protein nitrogen was 134 mgm. per 100 cc., and 
the urea clearance 10 per cent 

Subject B 

This female, 25 years of age, who had entered the hos- 
pital because of an attack of acute disseminated lupus 
erythematosus at the age of 23, again entered the hospital. 
The blood pressure was 120/78 and the heart was not en- 
larged. Anemia was moderate, with 3,810,000 red cells 
and a hemoglobin concentration of 70 per cent. The non- 
protein nitrogen was 168 mgm. per 100 cc., and the urea 
clearance 9 per cent. The specific gravity of the urine 
ranged from 1.007 to 1.016 and albumin was present in all 
specimens. 

Subject C 

A normal subject, 31 j-ears old. (Subject 2, Table I.) 



Fig. 6. Effect of Norslal and Depressed Renal Function on 
Excretion of PENiaLLiN 
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TABLE II 


Distribution of penicillin between blood plasma and red blood cells 


Unknown sample * 

Culture t 

Growth in serial dilutions of unknown samples 

Undiluted ^ 
sample 
0.2 cc. 

1 

1:2 

1:4 

1:8 

1:16 

1:32 

1:64 

1:128 

1:256 

1:512 

1:1024 

1:2018 

Whole blood 

B.B. 

0 

0 

0 

0 

0 

0 

0 


± 

■h 

4- 

4- 


B.A.P. 







0 


4-4- 

-f-H 



Serum 

B.B. 

0 

0 

0 

0 

0 

0 

1 

0 



± 

4-4- 

4-f 


B.A.P. 







0 



4-4- 

'4-4- 


Cells 

B.B. 

0 

0 

0 

0 

0 

+ + 

* -f-f- 

-1-4- 

1 4-4- 

-f4- 

1 ++ 

4-4- 


B.A.P. 



0 

0 

+ + 

+ + 

+ + 


1 




Hemolyzed cells 

B.B. 


0 

0 

0 

0 

+ + 

-h-f- 

4-4- 

4-4- 

4-4- 

4-4- 

4-h 


B.A.P. 



0 

0 

1 

+ + 

+ + 

+4" 







* Unknown sample = Defibrinated blood which has been exposed for 19 hours to an unknown amount of penicillin 
at ice box temperature. Control studies not included in the table have established that 0.0039 Florey unit is the smallest 
amount of penicillin required to sterili 2 e the culture. The number of units per 0.2 cc. of the unknown sample may then 
be determined by multiplying 0.0039 by the dilution factor. In the whole blood, there are 0.5 Florey unit per 0.2 cc. or 
2.5 units per cc. 

t Culture: B.B. = blood broth. B.A.P. = subculture on blood agar plates 
0 = no visible growth or hemolysis. 

+ and ++ = degree of growth. 

Inoculum = 0.5 c.c. of blood broth containing 2,700 streptococci. 


Figure 6 shows the results obtained in the 2 
patients with renal failure, Subjects A and B, and 
also in a normal volunteer, Subject C. It is at 
once apparent that the concenti'ation of penicillin 
in the serum remained elevated for a prolonged 
period of time in the 2 subjects with renal fail- 
ure, whereas all traces of penicillin had disap- 
peared from the blood in the normal subject within 
110 minutes. 

The prolonged antibacterial effect noted in the 
serum of the 2 patients is most likely explained 
by the diminished excretion of penicillin. In the 
normal subject, 57 per cent of the administered 
dose was excreted within the first hour, whereas 
Subject B excreted only 14 per cent in 6 hours, 
and Subject A, 12 per cent in 13 hours. 

DISTRIBUTION OF PENICILLIN BETWEEN BLOOD 
PLASMA AND RED CELLS 

In order to determine the distribution of peni- 
cillin between red cells and blood plasma, whole 
defibrinated blood containing var}dng amounts of 
penicillin was allowed to stand for 2 to 19 hours 
with occasional agitation. Following this prep- 
aration, determinations for penicillin were made 
on the whole blood, serum, intact cells, and hemo- 
lyzcd cells. 


Table II demonstrates the results obtained in 
one such experiment. Control observations, using 
a standard solution of penicillin and made simul- 
taneously with the test, showed that 0.0039 Florey 
unit was the smallest amount of penicillin which 
would sterilize the culture. Furthermore, if 0.2 
cc. of whole blood, serum, or cells was first added 
to the standard solution of penicillin and serial 
dilutions were then made, the end-point was not 
altered, indicating that these 3 substances do not 
inhibit the antibacterial action of penicillin. 

When the defibrinated whole blood which had 
been exposed to penicillin for a period of 19 hours 
was tested, it was found to kill hemolytic strep- 
tococci through a dilution of 1 : 128. The serum 
sterilized the culture through a dilution of 1 : 256, 
and the cells, both intact and hemolyzed, through 
a dilution of 1:8. Translating this into the num- 
ber of units per cc., one finds that the whole blood, 
serum, and cells contained 2.5, 5, and 0.156 Florey 
units per cc., respectively. The fact that the 
serum contained twice the concentration of the 
whole blood sample suggested that the cells con- 
tained little or no penicillin. 

In Table III, the results of several experiments 
are recorded; it is apparent that the plasma 
trapped in the cell mass (5) does account for a 
significant part of the penicillin detected in the 
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TABLE III 

DisSribiilion of penicillin iel-xeen red blood cells and 
blood plasma 


Hours 

cxiwsed 

to 

pcni- 

dllin 

Hem- 

aio- 

crit 

Units of pcaicilltn per cc. 

Whole 

blood 

Plasma 

Cells 

(A) 

In cell mass 
(accounted 
for by 
trappy 
plasma) 

(B) 

True con- 
centra lion 
in cells 
(A-B) 

2 

45.2 

2.5 

5.0 

0.312 

0.187 

0.125 

2 

45.2 

2.5 

5.0 

0.312* 

0.187 

0.125 

19 

42.0 

2.5 

5.0 

0.156 

0.174 

-0.018 

19 

42.0 

10.0 

10.0 

0.625 

0.438 

0.187 

14 

45.0 

5.0 

10.0 

1.250 

0.373 

0.877 

14 

45.0 

1.25 

2.5 

0.312 

0.093 

0.219 


* Cells hemolyzed before determination of concentration 
of penicillin. 


cells. The true concentration in the cells, as 
listed in the last column, shows that the amount 
of penicillin that penetrates the cells is exceedingly 
small and is usually less than 10 per cent of the 
plasma concentration. 

DISCUSSION 

Few studies on the absorption and excretion 
of penicillin have been made in man. Florey (3) 
found that no deleterious effects occurred after 
the intravenous injection of 200 mgm. (about 
8,000 Florey units) . This was the largest amount 
administered as a single dose. Following the in- 
jection, the initial high value of penicillin in the 
blood declined to a discernible trace 125 minutes 
later. Furthermore, the excretion of penicillin 
m the urine was invariably less than the adminis- 
tered dose. In 2 subjects, 50 and 68 per cent of 
the antibacterial activity was found in the urine. 

In the studies reported here, penicillin was in- 
jected intravenously, in doses ranging from 5,000 
to 40,000 Florey units. The results agree with 
the observations of Florey (3) in that penicillin 
was detected in the peripheral blood and that the 
active substance was excreted in the urine in 
amounts less than the dose injected. The con- 
centration reached in the blood plasma was re- 
lated to the size of the dose injected, the highest 
concentration being 10 Florey units per cc. of 
serum. Following the initial rise in the serum 
concentration, there was a rapid fall. The rapid 
clearing of the substance from the blood plasma 
IS explained by its excretion in the urine. 


Of interest are the results obtained when peni- 
cillin was administered by enteral routes. The 
absorption following oral administration was poor, 
as demonstrated both by low concentrations ob- 
tained in the blood plasma and by the small 
amounts excreted in the urine. In the 3 tests 
where penicillin was given orally, the average ex- 
cretion was 8.6 per cent. The statement (3) that 
acid destroys penicillin may account for these re- 
sults; however, in Subject 16, the administration 
of alkali just prior to ingestion of penicillin did 
not significantly alter its absorption or excretion. 
It seems unlikely from these limited observ’ations 
that oral administration will giv'e adequate con- 
centrations in the blood plasma for the treatment 
of infections. 

Absorption from the intestine ^^-as greatest fol- 
lowing intraduodenal administration. Here the 
penicillin appeared in the blood plasma and reached 
its maximum level within 5 to 15 minutes after the 
injection. The curi'C of plasma concentrations 
was similar to that obtained after intramuscular 
injection. The excretion in the urine averaged 18 
per cent of the administered dose. 

Rectal absorption of penicillin was poor, the 
maximum concentration in the blood plasma being 
0.007 Florey unit per cc. following the injection 
of either 10,000 or 20,000 Florey units. Excre- 
tion in the urine was also low, averaging 11 per 
cent of the injected dose. This decreased excre- 
tion may be due entirely to poor absorption ; how- 
ever, Florey (3) obser\'ed that feces inactivate 
penicillin, and more recently it has been demon- 
strated that extracts of Escherichia coli will in- 
hibit the action of penicillin (6). 

The fact that penicillin may be recovered in 
the urine suggested that the rapid fall in serum 
concentration following intravenous injection was 
due primarily to excretion by the normal kidney. 
This was well demonstrated to be the case in those 
subjects in whom frequent collections of urine 
were made. In such subjects, the largest amount 
of penicillin was excreted during the first hour 
after the intravenous injection. Indeed, the sub- 
stance appeared to act as a diuretic in these ex- 
periments. 

From the stud}' of the 2 subjects wth renal 
failure, further eridence was obtained in support 
of the riew that the chief factor causing the rapid 
clearing of blood is the excretion in the urine. 
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In these patients, a relatively high concentration 
of penicillin was maintained in the blood plasma 
for as long as 9 hours after the intravenous in- 
jection of 10,000 Florey units. 

Little is known concerning the distribution of 
penicillin in the body fluids. Florey (3) demon- 
strated in animals that after an intravenous in- 
jection, penicillin could be detected in whole blood, 
bile, and saliva, but not in tears or pancreatic 
juice. In the present studies, after a single in- 
travenous injection of 10,000 to 20,000 Florey 
units, no penicillin was found in the spinal fluid. 
In one subject with osteomyelitis, who was being 
treated with a constant intravenous drip of 2,500 
to 3,000 Florey units per hour, no penicillin was 
detected in the spinal fluid after 24 hours of such 
therapy. None was found in the tears or saliva 
of this patient. However, penicillin injected in- 
trathecally (7) was absorbed and excreted in the 
urine both in normal subjects and in patients with 
meningitis. No observations have been made con- 
cerning the diffusion of penicillin from the blood 
stream into the spinal fluid in subjects with men- 
ingitis. 

The studies on the distribution of penicillin be- 
tween blood plasma and erythrocytes showed that 
minimal quantities penetrated the red cells. 

The observations made by Florey (3), and con- 
firmed by these studies, that the excretion of peni- 
cillin in the urine was always less than the amount 
administered suggests that it was destroyed or 
inactivated in the body. In general, after intra- 
venous injection, excretion in the urine accounted 
for about 60 per cent of the administered dose. 
When penicillin was administered by routes that 
result in slow absorption, the percentage recovery 
in the urine was even lower and, further, in those 
patients with renal failure, the total excretion was 
extremely low. These latter two observations 
support the view that penicillin is inactivated in 
the body. 

The cause of this apparent loss of penicillin is 
not explained. This study showed that i^d cells 
and plasma did not inhibit its action. Fuj'ther, its 
incubation with slices of liver, kidney^ spleen, 
brain, muscle, lymph gland, intestine, lung, and 
bile, caused no destruction of the penicillin (3). 
Although elevated temperatures will destroy peni- 
cillin activity, it is unlikel}' that body temperatures 


cause a significant loss of penicillin during the 
short period it remains in the body. 

The maintenance of an adequate concentration 
of penicillin in the body is necessary if therapy 
in man is to be successful. Factors of importance 
in deciding the size of the dose and the route of 
administration are the type of infecting organ- 
ism and the site of infection. Micro-organisms 
vary in their susceptibility to the action of peni- 
cillin (3). In general, hemolytic streptococci and 
pneumococci are extremely sensitive. From in 
vitro tests, we have found that as little as 0.0039 
Florey unit was required to kill from 1,000 to 
100,000 hemolytic streptococci, whereas about 0.03 
Florey unit was required to sterilize similar num- 
bers of staphylococci (8). Studies on the bac- 
tericidal power of whole blood demonstrated that 
plasma concentrations of 0.03 and 0.3 Florey unit 
per cc. were required to cause maximal killing 
against the hemolytic streptococcus and Staphy- 
lococcus aureus, respectively (8). Somewhat 
lower concentrations in the plasma were associated 
with a definite bacteriostatic effect. 

The location of the infection is of utmost im- 
portance in determining the route of administra- 
tion, since it is evident from the studies reported 
here that penicillin is excreted rapidly and does 
not diffuse readily. Thus, if a localized infection 
is being treated by intravenous therapy, the blood 
supply to the area must be adequate if steriliza- 
tion is to be effected. It is advisable, therefore, to 
give penicillin locally rather than intravenously in 
infections of the pleural and joint cavities. In 
generalized infections, such as bacteremia, intra- 
venous or intramuscular therapy is indicated. 

SUMMARY 

Data are presented concerning the blood con- 
centration and urinary excretion of penicillin 
after the administration of 5,000 to 40,000 Florey 
units by several routes. 

Intravenous injection of penicillin resulted m 
high initial concentration in the blood plasma 
which was followed by an abrupt fall. Traces of 
penicillin were found in the blood for 30 to 210 
minutes after the injection, the length of time de- 
pending on the amount administered. The sharp 
fall noted in the serum concentration immediately 
after injection was associated with an increased 
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excretion in the urine. The average excretion 
after intravenous injection was 58 per cent of the 
administered dose. 

Penicillin was rapidly absorbed when given in- 
tramuscularly and slowly absorbed after subcu- 
taneous injections. Excretion in the urine was 
rapid following intramuscular injections and de- 
layed after subcutaneous injections. 

Absorption from the body cavities was delayed, 
and this was reflected in the slow excretion of 
penicillin by the kidneys. The total amount found 
in the urine was somewhat lower than that ob- 
tained following intravenous injection. Fluid 
aspirated from the pleural and joint cavities, 22 
and 13 hours after the injection, showed apprecia- 
ble amounts of penicillin remaining. 

Administration of penicillin by enteral routes 
showed that absorption from the duodenum was 
rapid, whereas oral and rectal doses were poorly 
absorbed. These findings may be explained by the 
inactivating effect on penicillin of acid and Es- 
chericia coli. After oral, intraduodenal, and rec- 
tal administration, the average amount excreted in 
the urine was extremely small. 

In the presence of renal failure, penicillin was 
not excreted rapidly, and as a result, high con- 
centrations were maintained in the blood stream 
after intravenous injections. 

Studies on the distribution of penicillin showed 
that the substance failed to penetrate the red cells 


in significant amounts. In general, the average 
concentration found in erythrocytes was less than 
10 per cent of the plasma concentration. No 
penicillin was found in the spinal fluid, salira, or 
tears, in subjects receh-ing it intravenously. 
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INTRODUCTION 

Although realization that the kidney must do 
osmotic work antedates the greater part of our 
present knowledge of renal function, the implica- 
tions of this requirement have not received the 
consideration they deserve, either by physiolo- 
gists or by clinicians. Physiologically, there is, 
for instance, in terms of osmotic work, an optimal 
urine volume for removal of a given quantity and 
assortment of substances in urine. Clinically, 
there is the consideration of the consequences of 
the inability on the part of disabled kidneys to do 
sufficient osmotic work. Since, by adjustments 
of food and water intake, the kidneys’ task can 
be changed in directions which will reduce os- 
motic work, regard for osmotic capacity is ob- 
viously of therapeutic importance. Reduction 
of the amount of a substance ingested does not 
necessarily reduce the osmotic work done by the 
kidney, 

von Rhorer (1), in 1905, obtained an equation 
for the work required to excrete a single urinary 
component and this equation has been used by 
Addis (2) in studying experimental nephritis. In 
the present paper, it is undertaken to derive and 
examine the equation which will evaluate the 
osmotic work required for the simultaneous re- 
moval or non-removal of several substances and 
which will permit estimation of the adjustments 
that will produce reduced osmotic work. 

DERIVATION OF THE BASIC EQUATIONS 

The osmotic work of the kidney is done in con- 
verting the glomerular filtrate into urine. Inas- 
much as this is an isothermal process, the reversi- 
ble or minimal work required will be only a func- 
tion of the initial and final states, and thus the 
work calculated over any convenient reversible 
path will equal the work for any other reversible 
path. This is illustrated by the fact that the 
equation giving the amount of work may be de- 
rived by considering several different hypotheti- 
cal processes resulting in the formation of urine. 


The equation may be derived by an extension of 
von Rhorer’s method. A theoretical justifica- 
tion of the equation, as used by Barcroft, has 
been given by R. G. Dickinson and R. C. Tolman 
in an article by Borsook and Winegarden (3). 
The following derivation employs only one of 
several convenient paths which suggest them- 
selves. We hypothesize the following simple 
process. One liter of glomerular filtrate is con- 
sidered to form one liter of urine by the addition 
of certain substances to it, and the removal of 
other substances by the tubules.' 

The amount of work dE required to produce an 
infinitesimal change in volume dv against a 
pressure p is given by 

dE = - pdv. 

By van’t Hoff’s law we have p = cRT, where c 
is the osmolar concentration, R is the gas con- 
stant, and T is the absolute temperature. Also, 
for one osmol 

V ~ - and dv — — \dc, 
c 

therefore 

dE-= - pdv = CRT \dc = RT-- 

The amount of energy required for the reversible 
transfer of one mol of substance from a solution 
of constant concentration a to concentration b 
will then be ^ 

E = RT^ = RT £~ = RTln^, (I) 

where In is the logarithm to the base e. 

^ Clearly, one liter of urine is not derived from one liter 
of glomerular filtrate in fact. However, since the process 
considered here and the actual process both accomplish the 
formation of urine from a solution having the composition 
of extracellular fluid, the hypothetical process is a valid 
basis for the equations, regardless of the enormous volume 
of the actual glomerular filtrate. 

* Two very large vessels at temperature T, with regions 
permeable only to the solute in question are imagined. 
This solute is allowed to diffuse reversibly into a cj'linder 
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The energy needed to transfer an infinitesimal 
amount of substance, from a reservoir of con- 
stant concentration Cf with respect to the ith 
component to a one liter volume of concentration 
Zi will be given, according to equation (i) above, 
as 

dE = RT In dzi. 


ponents: 


Et ~ 

t 


= URTljiln^ 


ji In « + nci 



= RT 

\ i W 


Integration of this between the limits Ci and Xi, 
the urinary concentration of the ith. component, 
will correspond to the energy, with regard to the 
it\i component, required to form one liter of 
urine; ® 




£' RTln^dzi = CiRT J 


Ci 


= RT 


Xi In 



( 2 ) 


If there are n liters of urine in a given time, and 
yi = nxi is the corresponding total number of 
osmols of the ith. component, the total amount 
of work will be, for that component, 

nEi ~ nRT / a:,- In ^ -f- c, — Xi) 


-■ Inn Eyi-hnE Ci - E 3 '*] • (^) 

* » t * 

These equations hold accurately only for dilute 
solutions; for more concentrated solutions, the 
concentrations must be replaced by activities. 
This would, however, obscure the simplicity of 
the results, and in many cases, sufficient data are 
not at hand to make this change. Quantitative 
results of these equations will be only slightly 
inaccurate, and for most biological purposes may 
be considered valid. 

The values of the energy given above are the 
values required for the idealized, thermodynami- 
cally reversible formation of urine, and thus 
represent the useful work done by the kidney, 
rather than the actual energy it mugt expend. 
Both inefficiency in the actual performance of the 
osmotic work, and simple back diffusion, will re- 
duce the overall efficiency of the tubules. 


or 

nEi = nRT {xi In c,- - a:.-) 

= {^'i In — yi In n -f nCi — . {3h) 

The total work Et done by the kidney will be 
the sum of the energies for the individual com- 

from the first vessel at partial pressure a; a piston then 
compresses the substance to pressure h, and it is then al- 
lowed to difTuse into the other vessel at a pressure b. 
This is a simple applieation of one of the ideas involved in 
the “equilibrium bo.\.” A discussion of this and \'an’t 
Hoff’s law may be found in texts on physical chemistrj-, 
for example, Glasstone's “Text-Book of Physical Chem- 
istry.” 

’ See. for example, Dwiyht’s “Table of Intes^rals.” 


■ ON THE REDUCTION OF OSMOTIC WORK 

A time-honored form of treatment for any 
diseased organ is the reduction of the work that 
must be done by that organ. Applied to the 
kidney this implies the reduction of the osmotic 
work. Equation (4) above should thus be exam- 
ined with the view of making Et ns small as pos- 
sible. One important and easily controlled vari- 
able is the total volume n of the urine, determined 
largely by the amount of water drunk. Con- 
sidering the rate of excretion y,- of the various 
components, and also the composition of the 
glomerular filtrate as fixed, we may find the value 
of n to make Et a minimum by setting 


dn 

From equation (4) this gives 



"’hence 


ITc, 


n 


- r*,. 


Th-S TC see 'the, , ' ' , “ ® 

“rineoforrf- “ '’“man 

« = 2 value k T 

^^^ough S’-fthTS^^ (5^ 

,3 sti,r,: ;/-^-^-u,ecatioof 
are constit. ^^at 

I (almost 0 lorir^ ^ less 

^'^efenotfarfeorCvor' 

Slope 

c«e nijnimum, the 

Cl 


amount of worl- ^ 

“nne volume is even^'m?^"'^ ordinary 

"iJnimal work. strikingiy dose to the 

;;.e it::!:: ”t as 

solid compo„e„5“ ' “f «cretio„ of 

a"ToX‘’'S'®“'’“'' °"o fe’’’™ 

b?at tt ■■'■" "’^““"feAawad'^ 

^com equation (4^) after S’ ®^ond ca-e 

dEr 

T u ~ 

" case this gives 

' . in n — T I __ 

therefore ^ / — 0, 
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or 


c,- 


and 


yj. 

n 


Xi = — — c 


In the second case we have 






Ji Cj 


E y.- E Ci 

-In 4. £3, ‘ 1 

E < E 3’* E 


< i 


therefore 


In = In ^ 


E^'.- 


E^i 

i 


or 


3’i _ i 


ILyj 


= 0, 


Cj Ci 

i 


= 71 and again a;y = 


In both cases, we thus reach the obvious con- 
clusion that Et is a minimum when the urinary 
concentration tv/ equals the concentration in the 
glomerular filtrate c,-. It may be stated more 
generally, that Er will be reduced if xj is changed 
in the direction which makes it more nearly 
equal to cj. 

Et 



Fig. 2. Curves W’iuch Snow How the Work is 
Influen'ced by the Amount of Urea 
Excreted D.mly 

For each point the amount of water has been adjusted 
so as to pive minimal work (equation (5)). Cuia’c A is 
for a normal value of the plasma urea, while it is elevated 
to four times this value in curec B. 


These results are important when applied to 
urea. Since urea is always greatly concentrated 
in the urine, a reduction in the amount of urea 
excreted will reduce the work. Curve A of Fig- 
ure 1 is drawn for 0.4 osmols (24 grams) of urea. 
Curve B represents a urine differing from that 
of curve A only in that it contains 0.2 osmols 
(12 grams) of urea per day. It is seen that a 
reduction of urea causes a significant reduction 
in the amount of work. In Figure 2, curve A 
also shows the effect on the energy of changing 
urinary urea. For each point, the amount of 
water is assumed to be that which will give the 
minimal amount of total work. 

The experiments of Addis (2) show that rats, 
whose kidneys have been reduced to normal 
size, improve on a low-protein diet but become 
much worse on a high-protein diet. Since the 
rats on the high-protein diet excreted much more 
urea than the others, their kidneys did more 
osmotic work. This is interpreted as the basis 
for the marked difference in response of the two 
groups.'* 

When the generalization given above is applied 
to a substance less concentrated in the urine than 
in the glomerular filtrate, it follows that there 
will be a reduction in the work if the urinary 
concentration of the substance is increased. For 
example, the kidney must do work to prevent 
the excretion of glucose, and less work would be 
done if glucose were excreted so that the urinary 
and plasma concentrations were equal. Simi- 
larly, if the urinary concentration of NaCl is the 
same as the plasma concentration, no work is 
involved in its excretion, but if the dietary NaCI 
is limited, so that the urinary concentration is 
low, the kidney must do an increased amount 
of work. In Figure 1, curve A is drawn for 
Na -j- Cl — 0.19 mol per day, whereas curve C 
is the same, except NaCl is no longer being ex- 
creted. Curve C is seen to represent more work, 
especially for dilute urines. 

Of the variables determining Er in equation 
(4), we have considered w (total volume) and yt 
(amounts excreted); c,- (plasma concentrations) 

dEr 

remain to be considered. Examination ol 
shows that as cj approaches the corresponding 

* It should be noted that some high-protein diets havT.i 
specific harmful effect on the kidneys (4). 



RENAL OSMOTIC WORK 


443 


urinary concentration .vy, the work £7- is reduced. 
For substance with — less than 1 {c.g. glucose), 

decrease of cy will reduce the work, while if — 

is greater than 1, increasing Cy will decrease the 
work. An increase in tlie blood urea above the 
normal value will cause a decrease in the work. 
In Figure 2, curv^e A is drawn for a plasma urea 
of 0.005 osmols per liter (30 mgm. urea per 100 
cc.) and cur\'e B is for 0.020 osmols per liter 
(120 mgm. urea per 100 cc.). Curv^e B always 
is under curve A, e.\cept for the trivial case of 
urines with very low urea contents. 

THE RESULTS OF LIJIITATION OF OSMOTIC WORK 

WTien the amount of osmotic work being done 
by the kidney is limited by the capabilities of 
the kidney, the results of this limitation may 
often be predicted from the equations for osmotic 
work. This limitation may occur in a normal 
kidney when an unusually large osmotic demand 
is made upon it, due, for example, to the restric- 
tion of drinking water. On the other hand, the 
kidney may be so injured that even the normal 
amount of work cannot be done. Thus, in severe 
chronic nephritis, many changes are observed 
which, as we shall see, may be referred to lack 
of ability to perform osmotic work. The result 
of limiting E in the formulas for osmotic work 
is-postulated to be the same as the changes seen 
m certain clinical conditions, notably severe 
chronic nephritis. This appears to be a reason- 
able postulate, and further support is lent it by 
the agreement of predictions based on it with 
fact. 

It appears from Figure 1, or equation (4), that, 
for a urine containing any definite amount of 
solids per unit time, for each value of the work, 
there are t\vo values of the volume n, corre- 
sponding to two concentrations. For values of 
n between these two, the energy will be less, but 
for values of n outside of this range, the energy 
will be greater. Thus, if the kidney is restricted 
to a certain maximum work, the concentration 
range of the urine is determined. As the maxi- 
mum work decreases, the range of concentrations 
becomes narrower, so that for very restricted 
energies, the concentration has a very narrow 
range, corresponding to the minimal region of 


the curve. Since the minimum of the curve is 
at the point where the total osmolar concentra- 
tion of the urine equals that of the glomerular 
filtrate (equation (5)), extreme limitation of the 
work implies an osmolar concentration of the 
urine not far from that of the glomerular filtrate, 
no matter what solids the urine contains. 

In concentration-dilution tests, the range of 
possible concentrations is measured. As the 
urea clearance falls, the range of concentration 
becomes narrower (5). For extremely impaired 
renal function one would expect a specific gravity 
of about 1.010, corresponding to an osmolar con- 
centration equal to that of the plasma. For 
very low urea clearances, the range of specific 
gravities is about 1.008 to 1.013 (from Alving 
and Van Slyke, Figure 3 (5)). These facts are 
in agreement with the theoretical predictions. 

Besides these limitations, restrictions in the 
energy' which can be expended with regard to 
single components is to be e.xpected. The con- 
sequences of this limitation may be seen con- 
veniently from equation (2). Figure 3 is a graph 
of this function, for c = 0.1 and c = 0.2. There 
is a zero value of the energy when x = c, the 
energy rising both for more dilute and more con- 
centrated urines. For dilute urines, the slope of 
the curve is negative, so that the energy de- 
creases with increasing concentration, while for 
urines concentrated with regard to the compo- 
nent under consideration, the energy increases 
with increasing concentration. There are thus 
t\vo cases to be considered, one in which x < c, 
the other with x > c. 

For a urine with a concentration greater than 
that of the glomerular filtrate with respect to a 
given component, a reduction in the energy must 
cause a lessened urinary excretion of the sub- 
stance, and retention results. Retention will 
occur until a new blood concentration is reached, 
which is high enough so that the required amount 
of substance can be removed with the limited 
energy. For example, in Figure 3, normally 0.5 
osmols per liter are removed by expenditure of 
energy E = A05RT calories per liter, with the 
normal plasma concentration of c = 0.1. The 
possible energy e.xpenditure is then reduced to 
E = .158R7’ and retention occurs because x is 
reduced to 0.32, until the plasma concentration 
reaches c = 0.2. At this elevated plasma level. 
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Fig. 3. Illustrating, for a Hypothetical Example, How Reduction of Renal 
Function Will Cause Progressive Retention Until the Plasma Level Has 
Become High Enough So That, Even With the Reduced Ability to do Work, 
Sufficient Material Can be Excreted 

It is also apparent that for a substapce falling to the left of the minimum, reduction 
of renal function will cause an increased excretion of the substance. 


the normal 0.5 osmols per liter can be removed 
with the limited energy, and no further retention 
occurs. A high blood urea may thus be consid- 
ered both a result of a subnormal kidney, and a 
compensation for it. 

Retention of urea, phosphate, and sulfate, all 
of which are greatly concentrated in the urine, 
occurs commonly in cases of kidney disease. Re- 
tention of urea occurs also after deprivation of 
water (6). Poisoning of the tubules with NaCN 
likewise causes reduced excretion of creatinine 
in dogs (7). 

For a substance with respect to which the 
urine is relatively dilute, a reduction in the os- 
motic work necessitates an increase in urinary 
concentration, as may be seen from the left-hand 
part of the cur\’^es in Figure 3. Unless there is 
compensation for this increased excretion, the 
plasma level of the substance will fall until the 
rate of excretion is reduced to its normal value. 
Thus, when the intake of NaCl is not large, the 
plasma has a higher NaCI concentration than 
docs the urine. Limitation of the osmotic work- 


may thus result in an increased excretion of 
NaCl, and a lowered plasma level. 

In severe chronic nephritis, the expectation of 
a reduced plasma concentration of Na, accom- 
panied by an increase of plasma phosphate, 
sulfate, and urea, is actually realized (8). Also, 
kidneys poisoned with NaCN excrete more glu- 
cose and chloride, as shown in isolated dog 
kidneys (7). 

If the energy expended on a substance is lim- 
ited to a constant maximal value, and the sub- 
stance is being excreted at a constant rate, it 

X * 

follows from equation (Ja) that the ratio - is 

constant. If the volume of urine is increased, 
there will be a temporary increase in the amount 
of substance excreted, until c falls so that the 

ratio - has reached its former value, and then 
c 

c will fall no more. This corresponds with the 
fact that on increasing the water drunk, the higii 
blood urea of patients with chronic nephritis falls 
to a lower level, which is still above normal, and 
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then remains constant at this lower level. The 
augmentation limit found in normal subjects may 
represent a similar, much higher, limitation on 
the energ\’ axpenditure. 

For.NaCl, when its dietarj' intake is restricted, 
an increase in the urinarj' volume must either 
result in an increased axpenditure of energy’, or 
a reduction of the plasma level so that the pre- 

\nous - ratio is re-established. If the energy is 

limited, a reduction of the blood Na"^ is to be 
axpected. In the treatment of nephritic edema, 
removal of body Na is desired. A restricted 
intake of Na and a large urine volume would 
appear to work toward this end. The clinical 
effectiveness of this method has been shown (9). 
This procedure produces an increase in the os- 
motic demand made on the kidney, but is justi- 
fied in this case because of its special therapeutic 
effect, the removal of edema. When edema is 
not an issue, there is no reason for not adjusting 
water and NaCl so as to give the minimal 
amount of work, and this means giving suitably 
large amounts of NaCl. 

Sweat is a solution containing a lower concen- 
tration of NaCl than the plasma. An increase 
in the rate of production of sweat at a given 
concentration will require an increased rate of 
work by the sweat glands. If this work cannot 
be done, the concentration of NaCl in the sweat 
must increase. It has been found that when 
sweating is very profuse, the concentration of 
NaCl is elevated (10). 

Thus far we have considered only the work 
required for the idealized formation of urine. 
Although a satisfactory interpretation of many 
phenomena can be given on the basis of this 
simple idea, it would not be surprising if a more 
realistic consideration were sometimes required. 
The following example may be such a case, al- 
though an alternative interpretation is possible. 
Postulation of an upper limit to the rate at which 
the kidney can do osmotic work in reabsorbing 
glucose gives rise to a “threshold.” But this 
cannot account for the fact that with high values 
of the blood glucose, the urinary concentration 
axceeds the blood concentration, since less os- 
motic work would be done if less glucose were 
axcreted. This may result from the fact that, 
m order to make a substance pass through the 


tubular wall at a finite rate, work must be done, 
due to viscosity, aside from the osmotic work, 
due to a concentration difference. This effect 
is, of course, not taken into account in the equa- 
tion for the reversible work. That glucosuria is 
due to the inability of the kidney to do osmotic 
work may be questioned. If another mechanism 
is involved, there would be no contradiction with 
even the simpler consideration. 

In the case of substances which are more 
dilute in the urine than in the plasma, consid- 
eration of the work required for the diffusion 
through the tubular wall produces no contradic- 
tion, because limitation of either this work or 
the osmotic work requires the excretion of more 
of the substance. Furthermore, it may be in- 
ferred from the observed facts discussed above 
that in many cases the osmotic work is the deter- 
minative factor. 

SUiCMARY 

The equation which gives the amount of work 
required for the idealized formation of urine has 
been examined in order to determine the amounts 
of excretory water and solids which ^\dll give the 
least work. Furthermore, the effect of changes 
in blood concentrations on_ osmotic work is de- 
termined. The changes necessitated by limita- 
tion in osmotic work are predicted and examples 
are given where these predictions agree with 
clinical findings. These considerations suggest 
certain therapeutic procedures, whose validitj- 
can be determined onl}"^ by actual trial. 

I am grateful to Doctors J. L. Gamble and L. H. f\ew- 
burgh for encouragement throughout the preparation of 
this paper. 
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Elevation of the urea clearance above the calcu- 
lated normal value has been frequently observed 
in our clinic in children witli the nephrotic syn- 
drome. Previous studies of this phenomenon 
have shown it to be related to the intake of pro- 
tein, but not induced by the oral administration 
of urea (1). Glomerular filtration, measured by 
inulin clearance, has been found by Emerson, 
Futcher, and Farr (2) to be elevated as much or 
more than the urea clearance. The present study 
IS an attempt to answer the question raised in the 
last report (2) as to whether renal blood flow is 
ele\'ated proportionately to the glomerular filtra- 
tion rate. Evidence presented by Goldring, 
Chasis, Ranges, and Smith (3) and by White 
and Heinbecker (4) indicates that the diodrast 
clearance approximates the renal blood flow in 
man. In order to obtain some indication as to 
whether the high urea and inulin clearances ob- 
served in nephrosis are probably due to filtra- 
tion of an increased fraction of plasma water 
or to an increased renal blood flow, we have 
therefore, in 4 cases, made a series of simulta- 
neous determinations of the clearances of urea, 
inulin, and diodrast. 

MATERIAL 

Four nephrotic children, aged 3, 5, 5, and 10 
years, were selected for study, the oldest of whom 
(R.Q.) had also been included in the previous 
group (2). All had been maintained during at 
least the preceding 4 months on diets high in 
protein (over 3 grams per kgm. per day), and low 
in salt (less than 1.6 grams per day). Routine 
urea clearances during this period showed values 
around 140 per cent of normal or higher. 

METHODS 

Urea was determined by the hypobroraite method (5), 
diodrast by colorimetric estimation of liberated iodine (6), 
and inulin by measurement of the color developed with 
diphenylamine reagent (7, 8). For colorimetric measure- 
ments, a Klett-Suramerson colorimeter was used. 


As in previous work, clearance values are corrected for 
differences in size of the subjects by applying the surface 
area factor of Miller, McIntosh, and Van Slyke (9) to the 
urine flow figures. In the instances of corrected urine 
flows lower than 2 cc. per minute, maximal plasma clear- 
ances of urea were calculated by the formula: 

TJ^ilVc 

Maximal clearance = — — — > 

where U is urine urea concentration, P is plasma urea con- 
centration, and Vc is the corrected urine volume in cc. per 
minute (see (2) p. 364). Normal maximum plasma clear- 
ance is taken as 72 cc. per minute per 1.73 sq. M. for the 
purpose of calculating percentages. This figure is derived 
from the usual standard of 75 cc. per minute per 1.73 sq. M. 
for whole blood urea clearance (9) by assuming that plasma 
urea concentration is 4 per cent higher than whole blood 
concentration. 

PROCEDURE 

Five experiments were performed on the 4 subjects. In 
each experiment, continuous urea clearances were measured 
during the preceding 2 to 5 hours in order to observe any 
variations that might be induced by subsequent manipula- 
tions. Water was given hourly in 100 cc. portions, begin- 
ning 3 hours before the test. Priming doses of 2 to 4 grams 
of inulin and 1 to 2 cc. of a 35 per cent diodrast solution, 
depending on the size of the subject, were given in 100 cc. 
of saline, intravenously, over a period of about 10 minutes, 
followed by continuous infusion of a solution which con- 
tained 1 to 2.5 per cent inulin and 0.6 to 2.0 per cent of 35 
per cent diodrast. This was given at a rate of approxi- 
mately 3 cc. per minute throughout the e.xperiment. No 
measurements of inulin or diodrast clearances during the 
initial 10 to 30 minutes of equilibration are included, al- 
though urea clearances were continued during this time. 

DISCUSSION 

The distribution of observed clearance values 
in relation to normal adult standards is shown 
on a log-log graph (Figure 1), with urea clearance 
values as abscissae, and clearances of diodrast 
and inulin as ordinates. This type of graph is 
used because, if the clearance ratios, 

_ urea clearance 
diodrast clearance 
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and 


__ urea clearance 
inulin clearance ’ 


are constant, the values of their denominators 
fall on straight lines with slopes of 45®,* it is thus 


possible to make a visual estimate of the varia- 
bility of clearance ratios as well as of the devia- 
tion of the clearance values themselves from 
normal standards. The areas indicating the nor- 
mal ranges of the ratios are plotted from data 



Urea clearance 

(cc. pep min. per l.JS sc^ meters of surface area) 


Fig. 1 . Log- Log Graph of the Ixuux axd Diodrast Clear<\xci;s, Plotted Agai.xst 
THE Urea Clearaxce of 4 Childrex with Nephrosis 
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TABLE I 

Summary of clearance data 


Subject 

Pcricxl 

Dura- 

tion 

1 

Plasma 

Urine 

Clearances 

Ratios 

u 

I 

D 

u 

I 

D 

u 

I 

D 

un 

HD 

uv. 

p 

Per 

cent 

nor- 

mal 

UVc 

P 

UVt 

p 






rr.im. per 100 cc. 


cc. Per minute 



March 22, 1942 

1 

96 

6.19 

8.1 



102 



78 

108 





J . .4. 9 5 years 

2 

25 

7.16 




111 



99 

136 





factor = 2.52 

3 

31 

3.62 


81 

2.23 

185 

3000 

EEBl 

83 

115 

150 

714 

0.57 

0.21 


4 

29 

8.08 


51 

2.19 

109 

1280 

220 

109 

151 

194 

812 

0.57 

0.24 


5 

31 

3.90 


51 

2.13 

161 

1940 


78 

108 

154 

641 

0.52 

0.24 


6 

20 

5.29 


38 

1.68 

165 


285 

108 

149 

213 

898 


0.24 

.Avera 

BC 









92 

128 

178 

766 

0.55 

0.23 

March 12, 1942 

1 

45 

3.47 

10.5 



337 



115 

159 





L. W. 9 3 years 

2 

58 

4.11 




162 



63 

88 





factor = 2.64 

3 

61 

1.98 




472 



89 

123 






4 

33 

7.50 


34 

2.90 

146 

872 

250 

104 

145 

194 

647 

0.56 

0.30 


5 

32 

4.35 


35 

3.23 

223 

1506 

408 

92 

128 

188 

550 

0.51 

0.34 


6 

26 

5.75 


28 

2.80 

196 

1059 

326 

108 

149 

217 

670 


0.32 

.■\vcra 

■ge 









95 

132 

200 

622 

0.53 

0.32 

March 16, 1942 

1 

53 

3.34 

8.3 



235 



94 

131 


■i 



S. M. c? 5 years 

2 

50 

3.10 




255 



95 

132 





factor = 2.35 

3 

30 

3.83 


23 

1.27^ 

194 

1400 

352 

89 

124 

233 


0.40 

0.22 


4 

27 

2.61 


23 

1.20 

290 

1738 

468 

91 

126 

197 


0.48 

0.16 


5 

31 

6.00 


24 

1.38 

130 

869 

260 

94 

130 

217 


0.45 

0.19 

Avera 

ige 






1 



93 

129 

216 

1046 

0.44 

0.19 

March 30, 1942 

1 

250 

0.99 

7.1 



760 



109 

210 





S. M. 

2 

58 

1.17 




572 



94 

172 






3 

37 

0.93 


21 

0.72 

736 

5240 

880 

97 

197 

232 

1136 

0.44 

0.20 


4 

38 

2.35 


17 


406 

2330 

386 

135 

187 

322 


0.44 

0.25 


5 

29 

6.50 


20 



778 

158 



253 

1284 


0.20 

Avera 

ige 




1 





109 

192 

270 

1232 

0.44 

0.22 

R- Q. 9 10 years 

1 

84 

6.58 

8.5 



117 


■ 

90 

125 





factor =1.76 

2 

65 

9.20 

8.3 



92 



102 

141 






3 

29 

10.36 

8.1 

41 

0.98 

83 

820 

80 

106 

142 

200 

846 

0.55 

0.24 


4 

33 

5.40 

7.9 

37 

1.12 

100 

1300 

166 

68 

95 

190 

800 

0.37 

0.24 


5 

28 

10.66 

7.8 

39 

1.32 

71 

740 

120 

97 

135 

202 

970 

0.50 

0.21 


6 

31 

6.43 

7.6 

38 

1.22 

109 

1160 

174 

92 

128 

196 

918 

0.49 

0.21 

Avert 

Ige 



i 

1 




1 





884 

0.48 

0.23 


Vc gives values of urine flow corrected to a surface area of 1.73 sq. M.; to obtain observed flows, divide by the factor 
given in the first column. U, I, and D represent urea, inulin, and diodrast, respectively. 


obtained from adults (3), since the necessary data 
from normal children are lacking. This use of 
adult standards for comparison with results from 
children is partially justified by the fact that urea 
clearance values in children, when corrected to a 
surface area of 1.73 sq. M., fall into the same 
range as adult values, similarly corrected (10). 
There is a fair degree of presumption, therefore, 
that diodrast and inulin clearances per sq. M. 


body surface may be the same for children as for 
adults, but this presumption remains to be veri- 
fied by observations on normal children. 

The mean normal plasma clearances, in cc. per 
minute per 1.73 sq. M. of body surface, have been 
found to be 72 for urea (with urine flows above 
2 cc. per minute per 1.73 sq. M. surface), 125 for 
inulin (3), and 690 for diodrast (3). Compared 
with these, in our 4 nephrotic cases, the urea 
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clearances were 128 to 192 per cent, the inulin 
140 to 220 per cent, and the diodrast 95 to 185 
per cent as great as the mean normal values. 
Since in our 4 high urea clearance nephrotic 
children, the elevation of the urea clearance was 
found to be associated with an elevation of both 
the inulin and diodrast clearances, we conclude 
that the elevation of the urea clearance is due 
principally to an increase in renal blood flow 
(Table I). 

SUMMARY 

The elevated urea clearance in 4 nephrotic 
children was found to be associated with increase 
of both inulin and diodrast clearances. 
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Early in 1941, two of tlic authors began a series 
of experiments njinn hums, being convinced that 
the technique of lymj)h collection familiar to them 
might permit profitable examinations of the 
amount and characteristics of the exudate from 
hunted tissue. This conception depends upon 
the fact that tissue fluid, wherever it has been 
collected, and lymjth are identical in composition 
(Drinker and Yoffey (1)). 

Glenn. Peterson, and Drinker (2) published a 
first paper describing a readily repeatable ex- 
perimental burn made by immersing the paw of 
an anesthetized dog in very hot water. Many 
experiments have been carried out on dogs, par- 
ticularly those concerned with the development of 
new methods of treatment. But for experiments 
requiring large amounts of lymph in order to 
carr}- through extensive biochemical work, larger 
animals were needed and calves have proved very' 
satisfactoiy-. 

Several recent reviews give a summary of the 
chemical changes which have been found to occur 
m blood from patients and experimental animals 
suffering from burns (3). There is general agree- 
ment that one finds an increase in non-protein 
nitrogen, urea, and creatinine, and a decrease in 
total protein and carbon dioxide combining ca- 
pacity. The changes in some of the electrolytes 
seem to be a little less consistent, though in gen- 
eral there is an increase in potassium, and a 
decrease in sodium and chloride. The often re- 
peated claim that there is an increase in “poly- 
peptide nitrogen” does not seem to be supported 
by any clear-cut evidence. 

In the present investigation, it was hoped to 
distinguish between what might be termed pri- 
mary and secondary effects of tbe burn. That is 
to sa}', we attempted to determine whether any 
of the compounds which eventually accumulated 
in the blood came directly from the burned area. 

• Fir.st Lieutenant, M. C. .-\. U. S. 


or whether they were released through damage to 
some other tissues. M'e assumed that lymph 
coming from the burned area would contain a 
higher concentration of substances resulting from 
tissue damage due to the burn than would lymph 
from another part of the body, or serum taken 
from the general circulation. On the other hand, 
substances of small molecular size which accumu- 
late in the serum owing to impaired function of 
any of the organs would be present in the same 
concentration in the serum and in the lymph 
collected from different parts of the animal. 

1. Lyviphatic cauutdafion in the calf 

Baum (4) wrote a copiously illustrated mono- 
graph on the lymphatics of calves and adult cattle. 
His plates, though numerous, do not prove very 
helpful in finding the vessels one wishes to can- 
nulate in order to obtain lymph from burned legs. 
It was necessary to make subcutaneous injections 
of T— 1824 in order to fill the lymphatics, and 
eventually cannulation of the lymphatic, indicated 
in Figure 1 (B) was found to give most of the 
lymph from the foreleg. 

The important landmark to be sought in locat- 
ing the foreleg lymphatic is the large superficial 
ceim'cal lymph node (A, Figure 1). This node 
receives afferents hot only from the skin and deep 
tissues of the foreleg, but also from the skin of 
the neck and upper part of the thorax. These are, 
however, but incidental suppliers of lymph com- 
pared to what comes from the foreleg. Further- 
more, they are not reached by the hot water 
applied to the leg. and probably remain a constant 
but small factor in the lymph collected after 
burning. It is characteristic of lymph nodes all 
over the body that while many afferent vessels 
enter them through the capsule, the efferent flow 
is concentrated in a single vessel which leaves the 
hilus of the node and is generally large. This is 
the case in the calf, and by placing a cannula in 
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clearances were 128 to 192 per cent, the inulin 
140 to 220 per cent, and the diodrast 95 to 185 
per cent as great as the mean normal values. 
Since in our 4 high urea clearance nephrotic 
children, the elevation of the urea clearance was 
found to be associated with an elevation of both 
the inulin and diodrast clearances, we conclude 
that the elevation of the urea clearance is due 
principally to an increase in renal blood flow 
(Table I). 

SUMMARY 

The elevated urea clearance in 4 nephrotic 
children was found to be associated with increase 
of both inulin and diodrast clearances. 
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Early in 1941. two of the authors began a senes 
of experiments upon hums, being convinced that 
the techniciue of lymph collection familiar to them 
might permit profitable examinations of the 
amount and characteristics of the exudate from 
hurned tissue. This conception depends upon 
the fact that tissue fluid, wherever it has been 
collected, and lymph are identical in composition 
(Drinker and Yoffey (I))- 
Glenn. Peterson, and Drinker (2) published a 
first paper describing a readily repeatable ex- 
perimental burn made by immersing the pau of 
an anesthetized dog in very hot water, ilanv 
experiments have been carried out on dogs, par- 
ticularly those concerned with the development of 
new methods of treatment. But for experiments 
requiring large amounts of lymph in order to 
earn,’ through extensive biochemical work, larger 
animals were needed and calves have proved very’ 
satisfacton’. 

Several recent reviews give a summary of the 
chemical changes which have been found to occur 
in blood from patients and experimental animals 
suffering from burns (3). There is general agree- 
ment that one finds an increase in non-protein 
nitrogen, urea, and creatinine, and a decrease m 
total protein and carbon dioxide combining ca- 
pacity. The changes in some of the electrolytes 
seem to be a little less consistent, though in gen- 
eral there is an increase in potassium, and a 
decrease in sodium and chloride. The often re- 
peated claim that there is an increase in “poly- 
peptide nitrogen” does not seem to be supported 
by any clear-cut evidence. 

In the present investigation, it was hoped to 
distinguish between what might be termed pri- 
mary and secondary effects of the bum. That is 
to sav', we attempted to determine whether any 
of the compounds which eventually accumulated 
in the blood came directly from the burned area. 


or whether they were released through damage to 
some other tissues. Wc assumed that lymph 
coming from the burned area would contain a 
higher concentration of substances resulting from 
tissue damage due to the burn than would lymph 
from another part of the body, or serum taken 
from the general circulation. On the other hand, 
substances of small molecular size which accumu- 
late in the serum owing to impaired function of 
any of the organs would be present in the same 
concentration in the serum and in the lymph 
collected from different parts of the animal. 

J. Lymphatic canntilaiion in the calf 

Baum (4) wrote a copiously illustrated mono- 
graph on the lymphatics of calves and adult cattle. 
His plates, though numerous, do not prove very’ 
helpful in finding the vessels one wishes to can- 
nulate in order to obtain lymph from burned legs. 
It was necessary’ to make subcutaneous injections 
of T-1824 in order to fill the lymphatics, and 
eventually cannulation of the lymphatic, indicated 
in Figure 1 (B) was found to give most of the 
lymph from the foreleg. 

The important landmark to be sought in locat- 
ing the foreleg lymphatic is the large superficial 
cerv’ical lymph node (A, Figure 1). This node 
receives afferents not only from the skin and deep 
tissues of the foreleg, but also from the skin of 
the neck and upper part of the thorax. These are, 
however, but incidental suppliers of lymph com- 
pared to what comes from the foreleg. Further- 
more, they are not reached by’ the hot water 
applied to the leg, and probably remain a constant 
but small factor in the lymph collected after 
burning. It is characteristic of h’mph nodes all 
over the body that while many afferent vessels 
enter them through the capsule, the efferent flow 
is concentrated in a single vessel which leaves the 
hilus of the node and is generally large.' This is 
the case in the calf, and by placing a cannula in 
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Fig. 1. Semidiagrammatic Drawing of the Lym- 
!’U.\Tic Used in Collecting Lymph from the Foreleg 
OF A Calf 

In orienting the drawing, the head of the calf is toward 
the top of the drawing. 

A, superficial cervical lymph node. B, efferent lym- 
phatic running either directly into the common jugular 
vein or into the right lymphatic duct. This is the vessel 
canmilated to collect lymph. C, external jugular vein. 
D, inferior cervical vein. E, inferior cervical artery. 
F, cephalic vein. G, mastoido-humeralis muscle retracted 
to show Ij'mph node. H, sterno-ceplialicus muscle. I, 
relatively constant slip of the mastoido-humeralis muscle, 
a valuable landmark when present. J, superficial pec- 
toral muscle. K, afferent b'lnphatics draining foreleg. 

the efferent lymphatic (B, Figure 1). one obtains 
the large amounts of lymph required for analyses 
lieforc and after burning. 

3. Mcasiurs to promote lymph jloto from burned 
tissues and the technique oj quantita- 
ih'c burning, employing hot water 

It is generally lielieved tliat lymphatics and 
blood vessels in a swollen part are compressed 
and cease to conduct fluid. Nothing could be 
further from the truth. In both cases, but es- 
peciallv in that of the lymphatics, the vessels arc 
attached by fine bands of connective ti.ssuc to 
surrounding .structures, and swelling results in 
dilatation rather than constriction. Pullingcr and 


Florey (5) showed this particularly well for the 
lymphatics in local edema. 

In calves, the legs even if burned severely do 
not swell as dramatically as in the case of the 
dog. The skin is tougher and more tightly ap- 
plied to the underlying muscles. In order, there- 
fore, to obtain a copious and continuous flow of 
lymph, the anesthetized calf is arranged as is 
shown in Figure 2, This results in a steady 
flexion and extension of the forelegs as the %- 
•horsepower motor (A), operating through reduc- 
ing gears, rotates the crank (B) 14 times a min- 
ute. The crank is connected with the forehoofs 
b)^ means of two sash cords (C) readily seen in 
the illustration. This constant uniform motion 
results in a large lymph flow, which falls off only 
as coagulation occurs widely through the burned 
region and extends into the lymphatics. The 
problem of producing a burn by means of hot 
water in a calf weighing in the neighborhood of 
200 pounds is not entirely simple, especially when 
it is recollected that the application of the water 
should be to a precise level upon the leg of the 
animal, that the duration of the exiiosure be regu- 
lated accurately, and that the temperature of the 
water be held reasonably constant. We have ac- 
complished these requirements quite satisfactorily 
by making use of a piece of 8-inch galvanized iron 
pipe, over the lower end of which a heavy sponge- 
rubber diaphragm reenforced by a thick sheet of 
solid rubber has been tied securely. This dia- 
phragm is of the type used in an infant-size 
respirator and has a 2-inch hole in the center. 
With the animal upon his back, as shown in Fig- 
ure 2, a front or hind hoof is thrust through the 
hole in the diaphragm and the galvanized con- 
tainer pushed centrally until the diaphragm has 
reached the selected upper limit of tlie prospective 
leg burn and a water-tight seal around the leg is 
obtained. The leg of the animal and the enclosing 
can are then securely suspended in a vertical 
position. Water heated to the required tempera- 
ture is poured rapidly into the can and reinain.s 
in contact with the leg as long as is desired. At 
the close of e.Kposure, a large side I'ent just above 
the rubber diaphragm permits rapid emptying of 
the water. 

In the present experiments, boiling’ water was 
used and it was left in contact with the leg for 
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Fig. 2. Calf Axesthetized v- itii Xembutal 
Lower gauze pad is over the cannulatcd left foreleg lymphatic. Upper gauze pad 
artery cannulatcd for taking blood pressure and samples of arterial 
'O’" ‘’’e ‘■'ght foreleg has been cannulated on the opposite side, 
'-’-norsepower motor, A, through reducing gears, rotates the arm, B, 14 times a 
mu e. hrough the cords, C, fastened to the hoofs, this rotation results in rhT,-thmic 
nexion and e.xtens.on of the forelegs, and, through this passive motion, steadv flow 

OI ivmnn ' 


from ly, to 4 minutes, the actual time in ea- 
e-xpenment being recorded. 

L} mph for analysis was collected simultaneous 
rom both front legs by cannulation of the effere 
ymphatic of the superficial cervical node for 2 
ours beiore the animal was burned ; then oi 
eg was burned and collection was continue 
■eeping t le h mph from the two legs separate at 
Changing receivers at stated intervals, so that 
enes ot samples representing different time i, 
Is after the bum was at hand. One. ar 

after extremities were burnt 

alter ^arymg lengths of time. 

dunW th""" twi, 

pies we and at the end. The san 

Pes were usually drawn from the jugular vei, 


except when the animal died before the termina- 
tion of the experiment, in which case the final 
blood was taken from the heart. 

The calves used have weighed from 125 to 200 
pounds, and were weaned some time previouslv. 
Calves still upon milk or Just weaned arrive at 
the slaughter house in very- variable states of hv- 
dration and nutrition. Older animals are in much 
more stable condition, but even so are given 10 
cc. of Ringer’s solution per pound of weight, in- 
traperitonealh- or intravenouslv, so that the^- may 
have a ready supply of fluid to draw upon. It 
has been our practice to anesthetize these animals 
at the slaughter house, using 2.5 per cent nem- 
butal in the amount of 1 cc. for 4 pounds of borJ\ 
w-eight. This is given intravenously and verv 
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slowly, Stopping the injection from time to time 
and often finishing short of the full dose, depend- 
ing upon the condition, particularly the respiration 
of the animal. Even with this small dose, about 
half that used for dogs, we have lost two animals 
at the outset of the experiment. Once anesthesia 
is well established, the chances of disaster from 
the anesthetic are very much less. 

3. Chemical methods 

Tile study was confined to some of the nitrogenous 
compounds always present in normal blood. 

Total protein was usually determined with the Zeiss 
Eintauch-Refraktometer (Pulfrich), and the values were 
frequently checked by micro-Kjeldahl. In the micro- 
Kjeldahl, the ammonia was steam-distilled and titrated in 
2 per cent boric acid with methyl red as indicator. The 
method is a modification of Wagner’s (6). The diges- 
tion was done either by the method of Wong (7) or by 
a slight modification of the method of Schwoegler, Babler, 
and Hurd (8). 

The same micro-Kjeldahl procedure was used to deter- 
mine the non-protein nitrogen in the tungstic acid filtrate 
from serum or lymph prepared according to Haden’s 
modification of the Folin-Wu method (7). Creatinine 
and creatine -f creatinine were done on the tungstic acid 
filtrate according to Folin (9). Amino-nitrogen was 
determined by the gasometric method of Van Slyke (7) 
on whole .serum and lymph and on the tungstic acid 
filtrate. Urea was determined on whole serum and lymph 
by the gasometric method of Van Slyke (7). 

Oxygen content and oxygen combining capacity were 
determined according to Van Slyke (7). 


4. The flozv and protein content of lymph from 
the normal and burned leg of the calf 

We have been unable to find data upon the flow 
and composition of lymph even from the thoracic 
duct of cattle. Our experience with 16 calves 
thus supplies information upon normal conditions 
as well as the contrast which occurs following a 
severe burn. Table I is a summary of funda- 
mental data upon 4 animals. In all cases, the 
lymph flow from the burned leg increased mark- 
edly immediately after the burn, and at the same 
time, there was an increase in the total protein 
of from 35 to 75 per cent of the original A'alues. 
The stead)^ decrease in the rate of lymph flow 
during the course of the experiment is not ac- 
companied by a decrease in protein content, wiiich 
stays ver)’- constant at the high level establislied 
right after the burn. A detailed study on the 
distribution of the different proteins in the lymph 
and serum is reported elsewhere (10). 

As in the case of dogs, with which we have had 
prolonged experience, there is no correlation be- 
tween tlie amount of lymph flowing from a can- 
nulated vessel and the weight of the animal. No- 
tice also that the largest percentile increases in 
lymph production as a result of liurning occur 
when the normal flow of lymph is comparatively 
small. In all of these animals, the uniform pas- 
sive motion described in a previous section was 


TABLE I 


The lymph flow and protein content from the normal and burned forelegs of 4 calves, per hour for consecutive hours 

immediately before and after burn 
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blood 

protein 

! 

Forelegs prior to burning 

Forelegs following burning* 

Lymph flow 

Lymph protein 

Lymph flow 

Lymph protein 
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41.0 



6 1 

165 

5.4 
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Fic, 3. CuPATS Showing the Rate of Flow and Pp.otein Con- 
tent OF Lymph fp.om the Normal and Burned Forelegs of a Calf 
Weighing 170 Pounds 

Ordinates, protein in per cent and lymph flow per hour in cubic 
centimeters. Curve 1 (.solid line, upper), cubic centimeters of lymph 
per hour from right foreleg. From 0 to arrow B, normal period- At 
arrow B, immersed 3 minutes in water at 100° C. Curve 1 (solid 
line, lower), protein concentration in per cent of right foreleg Ij-mph. 
Curve 2 (broken line, upper), cubic centimeters of Ijmph per hour 
from left foreleg. From 0 to arrow A, normal period. At arrow A, 
immersed 3 minutes in water at 100° C. Curve 2 (broken line, lower), 
protein concentration in per cent of left foreleg lymph. At arrow C, 
the left hind leg was immersed in water at 100° C. for 3 minutes. 


m operation during the period of normal collec- 
tion and after burning. Lacking this mild cause 
of lymph movement, no lymph would be secured 
during the control period, and though a substan- 
tial flow would follow burning, it would be much 
less than that accompanying constant passive 
motion. 

Figure 3 presents a continuous record of lymph 
flow and lymph protein from a calf weighing 170 
pounds and severely burned. At arrow A, the 
left foreleg was immersed in water at 100° C. for 
3 minutes. The effects on lymph flow and lymph 
protein content are shown in the broken lines, 
2 and 2. At arrow B, the right foreleg was 
burned similarly, with the results shown in the 
solid lines, 1 and 1. At arrow C, the left hind leg 
was burned in order to ' see whether a simple 
extension of the lesion in an area remote from 
those in which Ij'mph was being collected would 
indirectly influence lymph formation. This final 
bum had no recognizable effect, nor have we ever 
been successful in enhancing lymph flow from an 


unbumed region b)"^ even extremely severe bums 
in distant regions. 

The normal mean arterial pressure in the caro- 
tid arterj' of the calf, anesthetized with nembutal, 
varies between 160 and 180 ram. Hg. In the 
experiment shown in Figure 3, it was 162 mm. 
Hg prior to burning, 182 mm. Hg 1 hour after 
the first bum (arrow ^), 204 mm. Hg 5 hours 
nfter the first bum, and lo6 mm. Hg 14 hours 
after the first bum and near the end of the ex- 
periment. No attempts were made to measure 
venous pressures before and after burning, but 
Field, Drinker, and White (11), in severe bums 
of the dog, found that venous pressures taken 
from large vessels immediately above the level 
of the bum rose rapidly following burning. 


Complete data from two experiments are giv 
in Tables II and III. Table IV gives a summ. 

ot the maximal changes obsei^red in each e 
penment. 
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TABLE II 


Calf 2 


Time 

Volume 

Protein 

refractometer 

N.P.N. 

Creatine* 

-p 

creatinine 

Creatinine 

Urea N 

Amino N 

Amino N 
tungstate 
filtrate 


D 

R 

D 

R 

L 

R 

m 

R 

D 

R 

D 

R 

IB 

R 

ID 

R 


cc. 







mgm. -per cent 





Before burn 

4.5t 

7.3t 



16.6 

3.5 

1.2 

8.7 

31.8 

7.4 

minutes 







Left foreleg burned 4 minutes 






0 to 15 

12.6 


3.78 


20.8 


1 12.5 


1.2 


8.9 


44.6 


6.9 

68 

15 to 30 

12.7 

7.9 


3.20 

25.0 

19.8 

13.2 

4.4 

1.3 

0.7 

9.4 

9.4 

43.9 

38.7 

7.2 


30 to 45 

11.5 


3.62 


24.8 


12.8 










45 to 60 

11.5 

5.0 


2.89 

24.3 

20.4 

12.9 

4.4 





j 




j- hours 







1 











41.0 

8.0 

3.70 

3.04 

26.2 

23.8 

12.9 

4.7 



10.0 

9.9 


38.0 

7.6 

7.4 

° 2 to 3 

36.0 

7.0 

3.72 

2.84 

27.2 

28.2 

11.1 

4.2 

1.1 

0.7 

11.7 


45.2 


8.7 

8.9 

>-4 3 to 3§ 

18.4 

3.3 

3.70 

2.74 

26.6 

26.9 

10.9 

4.9 
















Right foreleg burned 4 minutes 






4 to 5 

30.0 

43.0 

3.68 

1 4.22 

29.6 

34.8 

12.6 

' 10.5 



12.8 




8.5 

10.3 

5 to 7 

50.0 

77.0 

3.90 

4.30 













7 to 10 

65.0 

94.0 

3.90 

4.30 

41.2 

47.1 

13.5 

13.6 









10 to 14 

76.0 


3.80 














14 to 18 

53.0 

82.0 

3.74 

3.97 

58,0 

61.4 

15.7 

15.0 

4.8 


35.8 

38.1 

45.6 

47.3 

10.4 

11.2 

E 0 



6.04 

17.7 

3.1 

1.3 

8.3 

57.5 

7.9 

2 7 





38.3 

9.3 

2.6 

21.1 

57.1 

7.9 

w 18 



5.34 

62.2 

17.0 

4.8 

41.0 

56.3 

7.5 


* Creatine + creatinine given as creatinine. -j- Average per hour. 


The non-protein nitrogen increased in all ex- 
periments. This increase occurred at about the 
same rate in lymph from both the burned and 
unburned leg and in the serum. The values for 
“end serum” are usually somewhat higher than 
those for the last lymph samples. This is to be 
expected when there is a continuous rise in non- 
protein nitrogen, since the last lymph sample con- 
tains all the l3TOph taken during the last 2 to 4 
hours while the “end serum“ is taken at the time 
the experiment was terminated. 

The case of creatine and creatinine is not quite 
as clear. In most cases, a slow increase which 
occurs at about the same rate in both legs is ob- 
served. In the case of calf 2, as shown in Table 
II, there is an immediate increase in creatine from 
the burned leg. and this level is maintained with 
only a small further increase toward the end of the 
experiment. Calf 3, which suiAuved for only 4 
liours, showed a similar picture. 

Tlie results of the amino-N determinatmns 
are irregular. In some cases, the amount in the 
l^’mph from the burned leg was higher than in the 
unburned; in other cases, the opposite was true. 


These differences were not large enough to be 
significant. Surprising, however, is the difference 
between the concentration in lymph and serum at 
the end of the experiments (Table IV). Calves 
2, 5, 6, and 7 have a higher concentration of 
amino-N in the lymph than in the serum. The 
lymph samples for calves 4 and 9 were taken some 
hours before the serum sample, leaving only calf 
3 with a much higher concentration of the amino-N 
in the serum than in the lymph. As already men- 
tioned, calf 3 died after only 4 hours; it should 
also be pointed out in this connection that there 
was considerable hemoglobinemia, there being a 
concentration of 2.3 per cent hemoglobin in the 
serum. 

A control experiment was carried out to deter- 
mine how much effect the nembutal anesthesia in 
itself would have on the different blood and lymph 
constituents. Very small changes only were ob- 
served. None of the changes encountered in the 
burned animals can be explained as a result of 
the anesthesia. 

Our original assumption was that compounds 
set free by tissue damage in the burned area would 
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be present in the l}Tnph from this area in higher 
concentration than in the lymph from an unbumed 
area or in the serum from the general circulation. 
If this is correct, then our results indicate that the 
increase in the compounds studied, with the pos- 
sible exception of creatine, is due to metabolic 
changes elsewhere in the body. 

It is generally assumed that urea is formed in 
tlie liver and not in other tissues and there would, 
therefore, be no reason to expect any formation 
of urea in the burned area. The increase in urea 
and creatinine could both be e.xplained as an ac- 
companiment of the oliguria which regularlj' oc- 
curs after severe bums. The very' high nitrogen 
output reported for patients with bums (12) indi- 
cates increased protein catabolism, and the in- 
crease in urea might be due to a combination of 
increased formation and decreased excretion. 

The relative increase in creatinine is about the 


same as the relative increase in total non-protein 
nitrogen. On the other hand, the increase in 
creatine is both relatively and absolutely greater 
than the increase in creatinine. It does not seem 
likely that this can be explained as a result of 
oliguria. Creatine is not nonnallj' excreted in 
the urine, but Chanutin and Silvette (13) found. 
In spite of this, that nephrectomy caused an in- 
crease in the creatine as well as in the creatinine 
of the blood, though the increase in creatine was 
less than that in creatinine. This result resem- 
bles the usual findings in nephritis and Miller and 
Dubos ( 14) have shown that in cases of nephritis 
as much as 30 per cent of the color produced in 
the Jaffe reaction may be due to compounds other 
than creatinine. We performed a few tests using 
Miller and Dubos’s specific bacterial enzjme to 
prove the identity of the creatine and creatinine. 
The “end serum” from calf 9 was used. All the 


TABLE ni 


Calf 9 


Time 

Volume 

Protein 

refractometer 

N.pj;. 

Creatine* 

X. 

creatinine 

Creatinine 

Urea N" 

Amino N 
tnngstate 
filtrate 


m 

R 

L 

R 

B 


B 

R 

B 

R 

B 

R 

B 

R 


cc. 

fer ccnl 





mgm 

. fer uni 




hefore burn 

17.3 1 

18.0 1 

2.99t 

2.98t 

13.7 

3.9 

0.9 

4.8 

5.1 

h<yurs 












0 to 1 

17.0 


2.73 

3.94 

15.7 

16.1 

4.5 1 5.0 

1.0 

1.0 

5.6 

5.5 

5.7 

5.7 






Rvghi hind leg burned 3i min. 





lto2 

19.0 

33.0 

2.71 

3.66 



5.8 

6.3 



5.5 

5.4 

7.1 

7.1 

2 to 3 

11.0 

27.0 

2.71 

3.92 











3 to 4 

13.0 

27.0 


3.72 











4 to 5 

8.5 

28.0 

2.57 

3.81 











5 to 6 

11.0 

29.0 

2.54 

3.81 

24.2 

23.7 

7.6 

6.3 



9.4 

8.7 

7.9 

8.4 

6 to 7 

Eol 

28.5 

2.57 

3.74 











7 to 8 

8.0 

23.5 

2.53 

3.65 









7.3 

7.1 

8 to 9 


25.0 

2.54 

3.74 











9 to 10 

7.5 


2.54 

3.76 










7.0 

S' 10 to 12 

IS.O 

38.0 

2.69 

3.76 











>, 12 to 14 

■DO 

34.0 

2.82 

3.70 











•-I 14 to 16 

16.0 

30.0 

2.77 

3.48 


■iBW 


9.2 


2.2 


20.9 


9.2 

16 to 18 

17.0 

30.0 

2.66 

3.48 

39.3 




2.5 


24.2 


7.4 


18 to 20 

20.0 

34.0 

2.89 

3.44 











20 to 22 

16.5 


2.76 












23 to 26 

18.0 

43.0 

2.78 

3.50 











26 to 29 

15.0 

29.0 

2.62 

3.50 

55.8 


17.0 





38.6 

8.5 

9.0 

29 to 32 

18.0 

25.0 

2.59 

3.44 

65.5 


BO 




44.3 


8.4 


32 to 35 

13.0 

17.0 

2.74 

3.48 











35 to 38 













11.8 

11,4 




6.34 

14.3 

3.8 

0.9 

4.9 

4.9 




6.20 

25.5 

6.1 

1.4 

13.6 

6.6 




6.25 







33.9 

8,4 

HI 

■ 


6.22 

90.1 

33.0 

6.2 

55.7 

12.7 


* Creatine -p creatinine given as creatinine. t Average per hour. 
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TABLE IV 

Summary of analytical data 


Normal serum and lymph were taken before burn, end serum was taken at the termination of the experiment, and end 
lymph was collected from the burned leg during a 3 to 4-h‘our period just prior to the termination 
of the experiment except in the cases where actual time is given in footnote 




Protein 






Creatine 



Amino N in 


Calf 

Time 


N.P.N. 

Creatinine 

+ 

Urea N 

tungstate 


after 







creatinine 



filtrate 

Remarks 

num- 

ber 

initial 






1 

•4 






burn 

Normal 

End 

1 

1 

|Normali 

End 

Normal 

End 

Normal 

End 

Normal 

1 End 

Norma 

1 End 




hours 

per cent 


1 




tngm. 

per cetit 






1 

151 

Lymph 2.42 

; 3.91 

16.7 

73.5 

1.0 

4.5 

3.2 

22.5 





Burned left foreleg 



Serum 5.39 

6.04 

16.7 1 

1 

84.8 

1.1 

4.9 

2.9 

25.5 





2^ minutes; 3 hours 
later, right foreleg 





i 










2 minutes 

2 

18 

Lymph 2.20 

3.74 

16.6 

58.0 

1.2 

4.8 

3.5 

15.7 

8.7 

36.8 

7.4 

10.4 

Burned left foreleg 



Serum 6.04 

5.34 

17.7 

62.2 1 

1 

1.3 

4.8 

1 

3.1 

17.0 

8.3 

41.0 

7.9 

7.5 

4 niinutes; 4 hours 
later, right foreleg 






i 









4 minutes 

3 

4 

Lymph 2.34 

3.97 

27.6 

54.0 

1.5 

2.6 1 

4.5 

20.2 

16.8 

22.7 

5.1 

12.4 

Burned left hind leg 


! 

Serum 6.10 


26.0 

67.8 

1.3 

3.9 

! 

21.6 

17.2 

26.0 

3.7 

20.4 

1 

3 minutes; right 
hind leg 3 minutes; 
1 hour later, right 
foreleg 3 minutes 

4 

11 

Lymph 3.34 

4.36 

27.5 1 

72.3* 

1.0 

3.8 

4.5 i 

21.5 

13.9 

29.7 1 

6.3 

16.5t 

Burned left foreleg 



Serum 6.75 

6.43 

28.6 

96.8 

1.0 

5.7 

4.5 

27.5 

I 13.5 1 

1 

45.3 

6.0 

18.5 

3 minutes; 1^ hours 
later, left hind leg 
3 minutes; 8 hours 
later, right hind leg 















3 minutes 

5 

10 

Lymph 2.42 

3.88 

19.7 

38.6 

1.1 

2.1 

4.3 

9.8 



5.6 

11.9 

Burned right fore^ 

1 


Serum 6.38 

5.34 

20.5 

41.8 

1.3 

2.9 

1 

3.9 

12.0 

11.3 

19.8 

5.3 

i 

9.0 

leg 3 minutes; 5 
hours later, left 
hind leg IJ minutes; 
2 hourslater,right 







1 








hind leg U minutes 

6 

17 1 

Lymph 2.46 

3.56 

18.9 

41.7 

1.2 

1 2.4 

4.5 

9.9 

9.4 

24.4 

6.0 

12.3 

Burned right fore^- 


1 

Serum 6.30 

4.76! 

1 

19.8 

48.4 

0.9 

,2.6 

1 

3.9 

1 

12.3 



5.8 

8.9 

leg 3J minutes; 12 
hours later, right 
hind leg 3^ minutes 


7 

\5i 

Lymph 2.96 

1 

3.80 

21.4 

37.5 

0.9 

1.8 

4.8 

8.3 



7.3 

9.7 

Burned left foreleg 


Serum 7.04 

6.24 

19.9 

36.3 

1 


5.1 

1 

8.4 



5.4 

6.8 

3 minutes; 6 hours 
later, right foreleg 
3 minutes; 2} hours 
later, left hind leg 









i 








3 minutes 

9 

38 

Lymph 2.98 

3.48 

13.7 

65.5 1 

0.9 


3.9 

21.0t 

4.8 

44.3 1 

5.1 

8.4 1 

Burned right fore- 
leg 3i minutes; 1 
hour later, right 


Serum 6.34 

6.22 

14.3 

90.1 

1 0.9 

6.2 

3.8 

33.0 

4.9 

55.7 

4.9 

12.7 



1 












hind leg3J minutes 


• Sample 6i to SJ hours. t Sample 4i to 6§ hours. t Sample 29 to 32 hours. 


chromogenic material, also that produced by acid 
hydrolysis, disappeared after incubation with the 
bacteria.^ This would prove quite conclusively 

= We wish to thank Dr. Rene Dubos for kindly pre- 
senting us with cultures of Coryncbaclcriutti creatino- 


tbat the chromogenic material was true creatine 
and creatinine. 

The results from calf 2 show that it is possible, 
at least under certain conditions, to demonstrate 
that creatine is released in the burned area. Mus- 
cle cells are known to have a high concentration 


varans. 
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IMPROVEMENTS IN CALCULATION OF RENAL RESISTANCE TO 
BLOOD FLOW. CHARTS FOR OSMOTIC PRESSURE 
AND VISCOSITY OF BLOOD 

By HAROLD LAMPORT > 

{From the Department of Neurology, College of Physicians and Surgeons, Columbia University, and the Neurological 
Institute, New York City, and the Department of Physiology, Yale University School of Medicine, New Haven) 
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Previously, we have offered formulas to deter- 
mine the resistance to blood flow of the afferent 
and efferent arterioles of the kidney (1). They 
employed a modified Poiseuille’s Law and were 
based especially on the concept of osmotic equi- 
librium in the glomerulus between the blood 
leaving the glomerular capillaries and the ultra- 
filtrate in Bowman's capsule. They utilized the 
inulin clearance as a measure of the rate of 
glomerular filtration and the diodrast clearance 
as a measure of the rate of renal plasma flow, 
as developed by Homer Smith and his coworkers 
(2, 3). For determining the osmotic pressure of 
blood both before and after glomerular filtration, 
we depended on the data of the Adairs and 
Greaves (4) for human serum diluted below nor- 
mal, not having been able, as yet, to supplant 
them with observations on concentrated plasma. 

The formulas for renal afferent and efferent 
arteriolar resistance were, respectively (1) : 

P __ Pst- Po’ - 40 
HD 

j? = (1 - 0A7F){Pc’ -Po + 10) 

® HD 

Here Psi is the mean of systolic and diastolic 
blood pressure in mm. Hg, D is the effective 
renal plasma flow (diodrast clearance, usually), 
and H is the reciprocal of (1 — hematocrit). 
F is the glomerular filtration fraction (the ratio 
of inulin to diodrast clearance), Po’ is the osmotic 
pressure in mm. of Hg of the blood after con- 
centration by glomerular filtration, and Po is the 
value before glomerular concentration. The os- 
motic pressures were given in terms of a formula 
which depended on the serum protein and filtra- 
tion fraction, the use of which will be discussed 
later. The unit for Ra and Re depends on the 
unit for D. Ordinarily, it will be mm. Hg per 


cc. per minute per 1.74 square meters of body 
surface. 

Poiseuille's Law 

In our original use of Poiseuille’s law, we 
followed Whittaker and Winton's (5) description 
of the viscosity of blood of varying hematocrit 
(1) in the pump-lung-limb of the dog. They 
found that pressure and flow were strictly pro- 
portional for Ringer’s solution, but that a con- 
stant had to be subtracted from the pressure 
when whole blood was used. This constant was 
about 20 mm. Hg for normal hematocrits but of 
course it decreased with the hematocrit so that 
for nearly zero hematocrit (plasma), it was not 
far from zero. At the time of the formulation 
of our equations for resistance, we were not 
aware of the similarity betiveen Whittaker and 
Winton’s in vivo findings for blood and the large 
body of observation in the field of physical chem- 
istry concerning the flow of mixtures, emulsions, 
suspensions, and plastic solids. These facts are 
summarized in a monograph by Bingham (6) on 
which we draw. Similar conclusions are found 
elsewhere (7). 

The flow-pressure curve of a plastic solid is 
identical in form with the almost linear curves 
for blood found by Whittaker and Winton. 
Bingham gives the relationship (p. 225, with 
modification) as: 

RccLtancc- ^^*'^“^^°" Pressure -Yield pressure _ 
Rate of flow X Viscosity 

Apparently, part of the applied pressure is 
used in producing viscous flow and part in over- 
coming the internal friction of the red cells. As 
a whole, there is plastic flow. This equation 
would imply that no flow would occur at low 
values of pressure, but this is not actually true 
in plastic solids and Bingham offers various ex- 
planations for the observed continuance of slight 
flow at low pressures. (One of them is the same 


* Now at Yale University School of Medicine, New 
Haven. 
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as Whittaker and Winton’s suggestion in their 
discussion of the low apparent viscosity of blood 
in vivo.) Furthermore, this formula is not quite 
correct slightly above the yield pressure. It 
applies only to the linear portion of the pressure- 
flow curve. 

As has been indicated, we have offered no for- 
mula to express yield pressure in terms of the 
hematocrit, having had no basis on which to do 
so. Our formula used a constant quantity, 20 
mm. Hg, obtained from Whittaker and Winton’s 
findings for normal hematocrits, as the value for 
yield pressure. Bingham’s analysis, however, 
enables us to make progress by using a variable 
rather than a static yield pressure. 

He defines / as the internal friction in the 
plastic in terms of shear. It is a constant, inde- 
pendent of the viscometer capillary’s dimensions 
and is related to Pf, the yield pressure, as follows, 
where r is the radius of the bore of the capillary 
viscometer and L is its length : 



Also, where A and B are constants, independ- 
ent of the viscometer and He is the hematocrit, 

/ = A + BHc, 

since / is linearly related to the volume concen- 
tration of the suspended substance (6). Then, 

^ (A -b BHe). 

Since P/ is nearly zero when He is zero (if it 
is not actually zero — back-pressure due to edema 
and tissue elasticity may cause an artifact), we 
can set A = 0. Then, 

P^ = — BHe. 

r 

In this application, we have imagined the por- 
tion of the blood vascular system we are consid- 
ering to be replaced by an ideal viscometer of 
uniform bore (radius r), length L, and- ' ' ■ nee 
to blood flow P. If we always^ 
of our ideal equivalent viscome 
the same for the same degree of vi., 
and vary its length to adjust for| 
organs and regions, the resistance 
being studied, r will represent the dcj^ 


dilatation and Ijr the degree of vasoconstriction. 
Such a model indicates that the yield pressure 
in the study of a particular organ is proportional 
to the hematocrit and to the degree of vaso- 
constriction. 

Now, Bingham shows that for plastic solids, 
as for viscous fluids, the resistance is proportional 
to the length and inversely proportional to the 
fourth power of the radius of the capillary vis- 
cometer. Thus: 

T = Lj¥r\ 

Here 6 is a constant. We then have: 

Pf = hBHe{TlL)\ 

The temptation, at this point, is to evaluate 
the unknown quantity, bBfH, by using Whit- 
taker and Winton’s data; set P/ = 20 mm. Hg, 
He = calculate T (the resistance of the hind- 
limb of the dog) and insert it in the above 
formula. But such a method, while entirely 
legitimate for the hind-limb preparation, is not 
applicable to the kidney, since both L and T are 
dependent on the region in which they are meas- 
ured. What is true of the hind-limb does not 
apply to the kidney, so far as L and T are con- 
cerned. Actually, the replacement of r by T, 
et cetera, in the expression for P/ is not really 
an improvement unless the expression can be 
evaluated by means of a kidney pressure-flow 
curve, similar to Whittaker and Winton’s for the 
hind-limb of the dog, the intercept of which 
would give us the yield pressure for a given degree 
of vasoconstriction (flow = 0; pressure = P/)- 
The possibility of obtaining such pressure-flow 
curves for the kidney seems remote. That organ, 
the vessels of which appear to react autono- 
mously to changes in blood pressure, would not 
maintain constancy of vessel size (constant re- 
sistance) while the pressure was being varied. 
Clearly, an approximation to yield pressure in 


the kid’' 

be used, if it is 

justifiable. 
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leg preparation with normal hematocrit, a SO per 
cent increase in resistance would augment P/ by 
about 2 mm. Hg. Such a quantity seems un- 
important at the present stage of biological pre- 
dsion in renal physiology'. The greatly increased 
difficulty in computation resulting from modify- 
ing the yield pressure by tlie fourth root of the 
resistance would hardly compensate for the slight 
improvement except in highly abnormal circum- 
stances.- We therefore can neglect for ordinary 
physiological purposes the variable effect on yield 
pressure of the resistance, retaining solely the 
hematocrit. 

We continue to use 20 mm. Hg for the yield 
pressure, the figure obtained from Whittaker and 
Winton when the hematocrit is normal (0.43). 
Although this may not be the best value for the 
kidney, it is the best available and is probably 
not far wrong, since we have seen that the yield 
pressure is relatively insensitive to changes in 
resistance. While the kidney has a high rate of 
blood flow for its size, compared to muscle (the 
hind limb of the dog), Wffiittaker and Win ton’s 
preparations were studied in a state of dilatation 
so that comparison between the two sites may 
be justified as an appro-ximation within our pres- 
ent limits of precision.* We therefore write for 
P/ the following expression (based on P/ = 20, 
when He = 0.43) : 

P/ = 46fl’c. 

Since the blood pressure is reduced to the usual 
capillary pressure, in passing through the kid- 
ney, in two stages — the afferent and the efferent 
arterioles — rather than one, it is advisable to 
allocate Pj between the afferent and efferent 
arteriolar resistances, neglecting the small cap- 
illary and venous terminal portion (Pr). Our 
previous formulas for Ra and Re, the afferent 
and efferent arteriolar resistances, were obtained 
by alloting all of the fixed yield pressure (20 mm. 


’ Should evidence appear indicating the value of such a 
modification, a fairly good approximation may be made by 
using 

-P/ = ConstantXH. g^rfusion press u r e-ConstantXgJJ, 

Flow 

’The relatively low resistance of the kidney to blood 
flow also suggests that the linear portion of the pressure- 
flow curve is normally present. 


Hg) to the afferent arteriolar resistance.^ Under 
this circumstance, Ra is slightly larger than Re 
(9). If P/ is distributed between Ra and Re, as 
now seems advisable, this preponderance of Ra 
over Re is enhanced. Whether the afferent ar- 
terioles are of greater length or greater constric- 
tion (or both) than the efferent arterioles is not 
clear, but in view of the few millimeters of 
mercury difference in yield pressure between one 
possibility and the other, at this time, for lack 
of better information, an equal partition of P/ 
betv'een Ra and Re seems wise. 

Accordingly, we have: 

P _ Perfusion pressure afferent arterioles— |P/ _ 
^ Rate of flow X Viscosity ’ 

P _ Perfusion pressure efferent arterioles— |P/ 

^ Rate of flow X Viscosity 

Since §P/ = 2ZHc, the formulas become: 


Ra = 


Pv-Po'-23P',-20 
HD 


Re 


(1 - 0.47 P) iPo> -P.- 2377,-1-10) 
HD 


WTiile these formulas supersede the previous 
ones, it is unlikely that they would seriously 
modify the results obtained from the older ver- 
sion, being a refinement based on a more precise 
value for yield pressure and its allocation to both 
afferent and efferent arteriolar resistances. 


Post-arteriolar renal resistance to blood flow 

The formulas developed have been limited to 
arterial and arteriolar resistance; they did not 
include the resistance of the kidney to blood flow 
after the glomerular filtrate had been reabsorbed 
in the capillaries and the blood flowed on into 
the renal vein, outside the kidnej'. But the 
same methods can be applied to evaluate this 
post-arteriolar resistance. 

It r^dll be, as before, the perfusion pressure less 
the yield pressure, dhnded by the rate of blood 
flow times viscosity. Or, where Rr is this last 
portion of renal resistance referred to the sub- 


‘ The effect of glomerular capillary resbtance, which has 
been included in the expression for afferent arteriolar re- 
sistance, has been assayed in the published report (1), 
though it was probably not available to Shannon, who no 
doubt depended on an earlier manuscript version, when 
noting its absence in a recent review of renal physiologj- (8) . 
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as Whittaker and Winton’s suggestion in their 
discussion of the low apparent viscosity of blood 
in vivo.) Furthermore, this formula is not quite 
correct slightly above the yield pressure. It 
applies only to the linear portion of the pressure- 
flow curve. 

As has been indicated, we have offered no for- 
mula to express yield pressure in terms of the 
hematocrit, having had no basis on which to do 
so. Our formula used a constant quantity, 20 
mm. Hg, obtained from Whittaker and Winton’s 
findings for normal hematocrits, as the value for 
yield pressure. Bingham’s analysis, however, 
enables us to make progress by using a variable 
rather than a static yield pressure. 

He defines / as the internal friction in the 
plastic in terms of shear. It is a constant, inde- 
pendent of the viscometer capillary’s dimensions 
and is related to P/, the yield pressure, as follows, 
where r is the radius of the bore of the capillary 
viscometer and L is its length: 



Also, where A and B are constants, independ- 
ent of the viscometer and He is the hematocrit, 

f=A+ BHe, 

since / is linearly related to the volume concen- 
tration of the suspended substance (6). Then, 

p,^^.U+ bh.). 

Since P/ is nearly zero when He is zero (if it 
is not actually zero — back-pressure due to edema 
and tissue elasticity may cause an artifact), we 
can set .4=0. Then, 



In this application, we have imagined the por- 
tion of the blood vascular system we are consid- 
ering to be replaced by an ideal viscometer of 
uniform bore (radius r), length L, and resistance 
to blood flow T. If we always choose the bore 
of our ideal equivalent viscometer so that it is 
the same for the same degree of vasoconstriction, 
and vary its length to adjust for the different 
organs and regions, the resistance of which is 
being studied, r will represent the degree of vaso- 


dilatation and 1/r the degree of vasoconstriction. 
Such a model indicates that the yield pressure 
in the study of a particular organ is proportional 
to the hematocrit and to the degree of vaso- 
constriction. 

Now, Bingham shows that for plastic solids, 
as for viscous fluids, the resistance is proportional 
to the length and inversely proportional to the 
fourth power of the radius of the capillary vis- 
cometer, Thus : 

T = Ljb^rK 

Here J is a constant. We then have: 

Pf = bBHeiTlL)i. 

The temptation, at this point, is to evaluate 
the unknown quantity, bBjL^, by using Whit- 
taker and Winton’s data; set P/ = 20 mm. Hg, 
He = ^\ calculate T (the resistance of the hind- 
limb of the dog) and insert it in the above 
formula. But such a method, while entirely 
legitimate for the hind-limb preparation, is not 
applicable to the kidney, since both L and T are 
dependent on the region in which they are meas- 
ured. What is true of the hind-limb does not 
apply to the kidney, so far as L and T are con- 
cerned, Actually, the replacement of r by T, 
et cetera, in the expression for P/ is not really 
an improvement unless the expression can be 
evaluated by means of a kidney pressure-flow 
curve, similar to Whittaker and Winton’s for the 
hind-limb of the dog, the intercept of which 
would give us the yield pressure for a given degree 
of vasoconstriction (flow = 0; pressure = P/)- 
The possibility of obtaining such pressure-flow 
curves for the kidney seems remote. That organ, 
the vessels of which appear to react autono- 
mously to changes in blood pressure, would not 
maintain constancy of vessel size (constant re- 
sistance) while the pressure was being varied. 
Clearly, an approximation to yield pressure in 
the kidney must be used, if it is justifiable. 

Our last expression for P/, above, shows that, 
for a given site {L constant), Pf varies as the 
fourth root of the resistance to blood flow (when 
on the linear portion of the pressure-flow curve). 
That is to say, P/ is not very sensitive to changes 
in resistance. Thus, a 50 per cent increase in 
resistance entails an increase in P/ of 11 per cent. 

If Pf is 20 mm. Hg, its appro.ximate value in the 
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leg preparation with normal hematocrit, a 50 per 
cent increase in resistance would augment P/ by 
about 2 mm. Hg. Such a quantity seems un- 
important at the present stage of biological pre- 
cision in renal physiology'. The greatly increased 
difficulty in computation resulting from modify- 
ing the yield pressure by the fourth root of the 
resistance would hardly compensate for the slight 
improvement e.\cept in highly abnormal circum- 
stances.^ We therefore can neglect for ordinary 
physiological purposes the variable effect on jaeld 
pressure of the resistance, retaining solely the 
hematocrit. 

We continue to use 20 mm. Hg for the yield 
pressure, the figure obtained from Whittaker and 
Winton when the hematocrit is normal (0.43). 
Although this may not be the best value for the 
kidney, it is the best available and is probably 
not far wrong, since we have seen that the yield 
pressure is relatively insensitive to changes in 
resistance. While the kidney has a high rate of 
blood flow for its size, compared to muscle (the 
hind limb of the dog), Whittaker and Win ton’s 
preparations were studied in a state of dilatation 
so that comparison bet%veen the t\vo sites may 
be justified as an appro.ximation within our pres- 
ent limits of precision.® We therefore write for 
P{ the following expression (based on P/ = 20, 
when He = 0.43) : 

Pf = A6He. 

Since the blood pressure is reduced to the usual 
capillary pressure, in passing through the kid- 
ney, in two stages — the afferent and the efferent 
arterioles — rather than one, it is advisable to 
allocate P/ between the afferent and efferent 
arteriolar resistances, neglecting the small cap- 
illary and venous terminal portion (Pr)- Our 
previous formulas for Ra and Re, the afferent 
and efferent arteriolar resistances, were obtained 
by alloting all of the fixed yield pressure (20 mm. 


* Should evidence appear indicating the value of such a 
modification, a fairly good approximation may be made by 
using 

ta tXH (P^tfusion pressure— ConstantXflc)* 

' Flow 

* The relatively low resistance of the kidney to blood 
flow also suggests that the linear portion of the pressure- 
flow curve is normally present. 


Hg) to the afferent arteriolar resistance.^ Under 
this circumstance, Ra is slightly larger than Re 
(9). If P/ is distributed between Ra and Re, as 
now' seems advisable, this preponderance of Ra 
over Re is enhanced. WTiether the afferent ar- 
terioles are of greater length or greater constric- 
tion (or both) than the efferent arterioles is not 
clear, but in view of the few' millimeters of 
mercury difference in yield pressure between one 
possibility and the other, at this time, for lack 
of better information, an equal partition of P/ 
between Ra and Re seems wise. 

Accordingly, we have: 

Perfusion pressure afferent arterioles— fP/ _ 
Rate of flow'XViscosity ’ 

Perfusion pressure efferent arterioles — fP/ 

^ Rate of flow' X Viscosity 

Since ^P/ = 23He, the formulas become: 


Ra = 


Psr-Fo’-23He-20 
HD 


{\-(iAlF){Pc—Po-23He+lO) 
^ HD 


WTiile these formulas supersede the previous 
ones, it is unlikely that they w'ould seriously 
modify the results obtained from the older ver- 
sion, being a refinement based on a more precise 
value for yield pressure and its allocation to both 
afferent and efferent arteriolar resistances. 


Post-arteriolar renal resistance to blood fiow 

The formulas developed have been limited to 
arterial and arteriolar resistance; they did not 
include the resistance of the kidney to blood flow' 
after the glomerular filtrate had been reabsorbed 
in the capillaries and the blood flow'ed on into 
the renal vein, outside the kidney. But the 
same methods can be applied to evaluate this 
post-arteriolar resistance. 

It will be, as before, the perfusion pressure less 
the yield pressure, divided by the rate of blood 
flow' times ■v'iscosity. Or, w'here Rr is this last 
portion of renal resistance referred to the sub- 


‘ The effect of glomerular capUlarj- resistance, which has 
been induded in the expression for afferent arteriolar re- 
sistance, has been assayed in the published report (I) 
though it was probably not available to Shannon, who no’ 
doubt depended on an earlier manuscript version, when 
noting Its absence in a recent rewew of renal ph>-siolo^- (8), 
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ject’s own blood as perfusion standard (viscosity 
= 1), and Pv is the pressure of the renal vein in 
mm. of Hg, we have: 

(Initial pressure — Terminal pressure) 

„ — Yield pressure 


Because of the relatively slight resistance after 
the arterioles, it seems inadvisable to allocate 
any of the previously discussed yield pressure to 
Rv, so that this term drops out. 


Rv = 


Initial pressure — Pv 
HD 


This initial pressure is clearly the same as the 
terminal pressure for efferent arteriolar resist- 
ance, which was Po + Pr, that is — the osmotic 
pressure of the systemic blood plus the renal 
interstitial pressure, considered to be 20 mm. 
Hg. We therefore have: 

„ _Po-Pv + 2Q 
HD 

Such a formula is, of course, an approximation. 
It suggests, since the numerator is constant, that 
the capillaries and venules dilate with increased 
blood flow so as to reduce the resistance in pro- 
portion to the increased flow. Actually, this is 
not completely true. Our definition of efferent 
arteriolar resistance, by using a fixed terminal 
pressure, is more functional than anatomical in 
scope. With a marked increase in blood flow, 
for example, it is likely that this fixed pressure 
point shifts along the capillaries, towards the 
venous end, so that anatomically a portion of 
what was originally included in Rv would be 
shifted to Re- So long as the limitations of our 
definitions of Re and i?F are explicit and remem- 
bered no harm can result. 

Total renal resistance now can be defined : 

Rk = Ra + Re + Rv- 

In this way, total resistance from the renal 
artery to the renal vein has been evaluated. 

Os 77 totic pressure affected by A :G ratio 

The formulas for renal resistance depend on 
an expression for the osmotic pressure of blood, 
derived from one offered by the Adairs and 
Greaves (4) from measurements on serum of a 


particular albumin-globulin ratio. We made no 
correction for A : G ratios differing from theirs 
of 2.20. While the discrepancy thereby result- 
ing is usually not large, we have been able to 
minimize it by applying an empirical formula of 
Wies and Peters (10) for the osmotic pressure of 
a large range of A : G ratios in human sera. 
They found that albumin was 2.66 times as effec- 
tive as globulin in elevating osmotic pressure in 
the range studied. 

Let us call the concentration of serum proteins 
S in grams per 100 cc. with an A : G ratio of B. 
Let S be the concentration of serum protein, in 
grams per 100 cc., which would be required of 
the Adairs' and Greaves’ 2.20 A ; G ratio serum 
(our standard) to have the same osmotic pressure 
as the sample with the B ratio. Let g be the 
number of millimeters of mercury osmotic pres- 
sure contributed per gram globulin in serum. 

We then have: 

1 gram globulin produces g mm, Hg osmotic 
pressure, 

1 gram albumin produces 2.66 g mm'. Hg 
osmotic pressure. 

1 gram protein of 2,2 A : G ratio contains 
2.2/3. 2 grams albumin, and 1/3.2 grams 
globulin. ^ 

1 gram protein oi B A : G ratio contains ^ j 

grams albumin and grams globulin. 

1 gram protein of 2.2 A : G ratio has an os- 
motic pressure of 

||x2.66^ + 3tx«. 

1 gram protein of .5 A : G ratio has an os- 
motic pressure of 

^X2.66j + g^XS. 

It is therefore clear that 1 gram of protein of 
A : G ratio B can be replaced in computing its 
osmotic pressure by 

(s + 1 ^ + J 3 + 1 «) 

-i-(|Jx2.66« + 3txe) 

grams of protein of 2.20 A : G ratio. That is to 
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say: 


Or, 


1 + 2.66B 3.2 

1+B ^ 1 + 2.2 X 2.66 


S = 


0.467 + 1.2435 
1 +B 


S. 


This conversion formula is represented graph- 
ically in Figure 1, whereby we obtain the osmotic 
equivalent in terms of serum protein of A : G 
ratio 2.20 for sera of varying A : G ratio B. 

The osmotic pressure in mm. of Hg of plasma, 
at blood temperature, where the serum protein 
has the A : G ratio of 2.20, our S, is (1): 

p _ 2.345 

" 1 - 0.05425* 


In the glomerulus, a protein-free filtrate leaves 
the blood plasma, which is thereby concentrated. 
The fraction of plasma filtered off as glomerular 
filtrate (F) is measured by the ratio of inulin 
clearance (glomerular filtration rate) to diodrast 
clearance (rate of effective renal plasma flow). 
The osmotic pressure of the plasma leaving the 
glomerulus (Po') is given by the formula; 

„ _ 2.345 

1 - 0.05425- F* 

This formula, for constant values of Po', is 
represented by straight lines relating 5 and F 
and is shown in Figure 2. It is clear that when 
F is set equal to zero, Po' becomes identical with 
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Fig. 2. Re.v.vl I.vtr.a.-Glomerular Blood Osmotic Pressure 
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Po (the osmotic pressure of the systemic blood). 
Thus, for a given 5 and F, Figure 2 can be used 
to determine the corresponding values of both 
Pc and Pc'. The value of .S, of course, would 
have come from Figure 1 by the insertion of the 
observ'ed quantities 5 and B, the concentration 
of scrum protein and its : G ratio. 

An actual c.vample will illustrate the use of 
these charts. If tlie serum protein is 6.0 grams 
per 100 cc. with an A : G ratio of 1.5, from 
Figure 1 we find that the osmotically equivalent 
protein concentration with an A : G ratio of 2.20 
is 5.6. This value for 5, in Figure 2, is found to 
give a value for Pe (when F = 0) of 18.9 and, 
if F = 0.2, for example, a value for Po- of 26.4. 
These quantities would then be utilized in the 
resistance formulas. 

VISCOSITY 

The present use of the resistance formulas has 
involved either the comparison of the subject 
with himself as control, after a brief interval for 
the experimental procedure, or the assumption 
that little change in blood viscosity has occurred 
(1,11). In certain instances, where the hemato- 
crit and serum protein are different and still a 
comparison of renal resistance is desired, the 
formulas may not be applicable unless their strict 
meaning is remembered. 

As derived. Pa and Pe refer to the resistance 
of the afferent and efferent arterioles to the flow 
of the subject’s own blood taken as the viscosity 
standard. If his blood changes, the values of 
Pa and Pe will refer to the changed blood as 
standard. Such a definition has real physiologi- 
cal value, since our interest in measuring resist- 
ance is certainly in part prompted by the desire 
to understand how much flow any given pressure 
will produce of the subject’s own blood, irre- 
spective of its viscosity. Thus, if the blood vis- 
cosity were halved while Pa and Pe were found 
to be unchanged, we should be able to say that, 
for the same pressure, the same rate of blood 
flow through the arterioles would persist. Such 
a condition, however, could be attained only by 
constriction of the arterioles. In the hydraulic 
sense, referred to some arbitrary unit, the re- 
sistance of the arterioles in our example must 
certainly have increased, when the blood viscos- 
ity was halved, to prevent increase in renal blood 


flow. We see, then, that the “hydraulic” re- 
sistance is necessary, if blood viscosity shifts, 
and we are interested in knowing the change 
produced in the calibre of the renal arterioles. 

We are in a position to make this correction 
since we have a tentative expression for whole 
blood viscosity in terms of serum protein (5) and 
the hematocrit (1/i? = 1-hematocrit) (1). Let 
us call U the viscosity of whole blood and Pa 
and Pc the afferent and efferent “hydraulic” 
arteriolar resistances referred to a fixed viscosity 
perfusion standard as compared with our present 
“individual” formulations. Pa and Pe, which 
refer to the individual’s own blood as viscosity 
standard. The small and large letter subscripts 
elsewhere will correspond analogously. We then 
have (1) : 

Pa = PA/U; Pc = PeIU; 

and where total “hydraulic” arteriolar resistance 
is Pt, 

Pr = Pa+Pc = PfU, 

where P = Ra ~{-P s- And similarly for the 
post-arterial resistance: 

Pc = PylU; Rt = PKlU. 

Since the relative change in blood viscosity as 
a result of glomerular hemoconcentration is al- 
ready included in the expression for Re, we need 
for U only systemic blood viscosity, as previously 
offered (1). 

U = plasma viscosity X (0.27 -F 0.983II). 

U = (0.60 + 0.204S)(0.27 -f 0.983L0. 

Or, 

Cf = (1 + 0.345) (0.162 + 0.590fi). 

While this formula can be used to change Pa, 
and the other quantities, into Pa, Pc, and the cor- 
responding analogues by computation, as shown 
above, the labor can be reduced by using Figure 
3, where, for known values of serum protein and 
H (the hematocrit constant), the viscosity U is 
given. In this way, values for “hydraulic” re- 
sistance of the renal arterioles and the rest of 
renal resistance can be obtained, which give a 
notion of the calibre of these vessels, irrespective 
of the viscosity of the blood coursing through 
them. 
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SERUM PROTEIN IN GRAMS PER CENT 

Fig. 3. Viscosity of Blood in Terms of Serum Protein and Hematocrit 

H = 1/(1 — hematocrit). 


DISCUSSION 

The propriety of a mathematical treatment of 
renal resistance to blood how can be questioned 
at the present time because of its dependence on 
"certain absolute values” to obtain a quanti- 
tative c.xprcssion (S). Such criticism is funda- 
mentally unsound when it is used to support 


instead a non-mathematical treatment. The 
non-mathematical (or dialectic) method is con- 
cerned with the very same controlling quantities 
as the mathematical ones, but can achieve ^vhat 
appears to be a wider range of application anc 
less dependence on these "absolute values on y 
by implicit neglect of the limitations which are 
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inherent in the basic renal relationships. By 
stating premises concretely and limiting them 
where necessary', reasoning along mathematical 
lines can olTer results, the underlying postulates 
of which are clear. A litcrarj' treatment simply 
obscures these facts and can lead to incorrect 
conclusions (9, 11, 12). 

The special virtue of algebraic e.\pressions is 
the neat way in which the influences of many 
variables can simultaneously be permitted to 
interreact. Our minds, unaided by such tools, 
cannot be e.\pected to assess the relative influ- 
ence on resistance of changes in blood viscosity, 
blood pressure, blood flows, and so on. Far from 
assuming fi.\'ed afferent and efferent anteriolar 
resistances (8), wide variability of both is to be 
expected and obtained; the mode of derivation 
of the formulas does not presume fixity. This 
was clearly indicated in the initial application of 
these methods to renal resistance in man during 
spinal anesthesia, where changes of both sets of 
arterioles were routinely seen (1). 

Nonetheless, because of the formulas’ flexi- 
bility, and because it had previously been re- 
ported that in man, during the change from renal 
ischemia due to adrenalin to the renal hyperemia 
induced by pyrogens, the main shifts are in the 
efferent arterioles alone (3), it was deemed ad- 
visable to determine the effects of a fixed afferent 
or efferent set of arterioles. Our study indicated 
that, in this physiological range, both sets of 
arterioles, rather than only one, participated (1 1). 

“The glomerular filtration rate cannot in the- 
ory, or in practice, approach zero at high renal 
blood flows if the afferent arterioles and 

systemic blood pressure are fixed, according to 
Shannon (8). Yet, if we visualize our ideal 
nephron in this condition, we can see that, as 
efferent arteriolar resistance is progressively re- 
duced, the drop in blood pressure along the 
efferent arterioles from glomerulus to peritubular 
capillaries must also progressively decrease, while 
blood flow, because of the consequent reduction 
in total renal resistance, rises. That is to say, 
as blood flow increases, glomerular intra-capillary 
pressure falls until, if carried to a theoretical (not 
physiological) extreme, it will be the same as 
peritubular capillary pressure and will be inade- 
quate to form a glomerular filtrate. This is the 
meaning of the extreme foot of the curve pre- 


viously reported (11). It is not meant to be a 
physiological occurrence, since our formulas were 
carefully limited to physiological ranges so as to 
prevent drawing such impractical conclusions. 
We thus see that our ideal nephron, when carried 
past its well defined range, works reasonably, 
although ceasing to be applicable to biological 
problems. 

That the calibre of arterioles, and therefore 
their resistance, varies with the pressure of the 
blood inside them (8) does not interfere with our 
deductions. Our "individual resistance,” elab- 
orated above, refers to the resistance to flow of 
the individual’s own blood, and imposes no re- 
strictions on the response of the arteriole to the 
pressure of the blood within it. “Hydraulic 
resistance,” as we have used it, permits some 
conclusions concerning the relative calibre of the 
vessels, but again without neglect of their re- 
sponse to internal pressure. 

SUMMARY 

The similarity bet\%'een blood flow and the flow 
of plastic solids, as described by Bingham, is 
used to substitute a variable in place of a static 
value for the yield pressure in our application of 
Poiseuille’s Law to the kidney. 

An expression for post-arteriolar resistance 
(defined precisely) is added to those for arteriolar 
resistance so that total renal resistance to blood 
flow can be computed, if desired. 

A method is elaborated by which serum pro- 
tein of any albumin-globulin ratio can be quickly 
converted by means of a chart (or formula) into 
an osmotically equivalent concentration of serum 
protein of A : G ratio 2.20. 

A second chart then provides the systemic 
osmotic pressure of blood (or plasma) for the 
osmotically equivalent concentration of standard 
serum protein and also the osmotic pressure of 
the blood concentrated in the glomerulus by 
ultrafiltration to the degree indicated by the 
inulin-to-diodrast clearance ratio. These two 
values simplify and improve the calculation of 
renal resistance to blood flow. 

A chart for blood viscosity, as affected by the 
serum protein concentration and the hematocrit, 
permits the ready calculation of renal resistance 
with allowance for the viscosity of the subject’s 
blood. 
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While the charts for osmotic pressure and 
viscosity of blood have been designed primarily 
to aid in studying renal function, they have 
wider applicability wherever blood viscosity and 
osmotic pressure are required without direct 
measurement. 
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The most common serious reaction encountered 
in tlie conduct of artificially produced fever ther- 
apy is a state of collapse which may appear at any 
time during the treatment. In 1100 treatments 
given in our clinic between 1930 and 1937, there 
was a 1 per cent mortalitj*, and many otlier serious 
collapse reactions which were in some way con- 
cerned with the water and salt excretion and in- 
take during the treatment. Some of the patients 
in the early period lost from 3 to 5 kgm. in body 
weight during short treatments of 5 hours, while 
others lost little or no weight during prolonged 
treatments (10 to 27 hours) at 41.5° C. Later in 
this period, when the water intake was better ad- 
justed and sodium chloride administration was 
included during treatment, the loss in weight was 
reduced, and the collapse state was less often en- 
countered. Yet it still occurred at odd times in 
the year and in a curious sequence of cases. It 
bore no relation to the disease for which the pa- 
tient was being treated nor to the length of treat- 
ment administered, and often occurred in what 
ordinarily would be termed a “perfectly healthy 
young adult.” 

This collapse state has many of the “ear marks” 
of what is termed surgical or traumatic shock in 
that there is an absence of sweating and urine, 
pallor, cold extremities even with rectal tempera- 
tures of 41.5° C. or higher, fall in blood pressure 
and venous pressure, retardation of the skin capil- 
lary response to digital pressure, cyanosis, and 
coma. Fatal outcome may be precipitated by a 
maniacal state before the coma ensues. Caffeine 
and adrenalin are ineffective, and oxygen-carbon 
dioxide mixtures are only of temporary benefit. 
In the early stages, vomiting prevents the inges- 
tion of water, although concentrated 2 to 25 per 

^ Assisted by grants in aid from the United States Pub- 
lic Health Service and the Rockefeller Foundation. 


cent saline is occasionally tolerated and may re- 
suscitate the patient. ■ One or more liters of 
physiological saline injected intramuscularly are 
usually promptly effective if the collapse state is 
not too far advanced to prevent its absorption. 
In such a case, an intravenous injection of this 
volume must be given and injected slowly. Any 
intravenous technique for therapeutic administra- 
tion or chemical data is a difficult maneuver when 
the information is most desired because the veins 
are usually collapsed or constricted in the col- 
lapse state. Furthermore, any manipulation ex- 
cites the patient, with a resulting rise in tempera- 
ture which further increases the precariousness 
of his situation. This hypersensitivity of the pa- 
tient has prevented to a great extent any exten- 
sive study of his metabob’c state. Thus, most data 
have to be obtained in almost a hit or miss fashion, 
as opportunity offers. 

Alterations of the red blood cell count, hemo- 
globin (1 to 4), and hematocrit, while indicative 
of hemoconcentration, do not change significantly 
(greater than 10 per cent) until deh)-dration is 
well advanced. Other factors may influence these 
values, thus rendering them of little aid in the 
control of fever therap}'- cases (2, 5 to 9). De- 
termination of the circulating blood volume (10) 
or the extravascular water voltune (11) during a 
routine treatment is not a simple procedure and 
cannot be repeated at will. 

The work of Gibson and co-workers (12, 13) 
has shown that a definite decrease of approxi- 
mately 15 per cent in the circulating blood vol- 
ume occurs during the induction of artificial fever 
when sweating is at its maximum. This volume 
may be decreased stiU further with resultant hemo- 
concentration if the water and electrolyte balance 
is not restored as treatment progresses (1, 14 to 
21 ). 
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From this brief summary, it can be seen that 
the uniformly safe performance of prolonged arti- 
ficial fever at high temperatures has definite possi- 
bilities if some simple test can be found to indi- 
cate which patients are bordering on a precarious 
state, and likewise to indicate when the proper 
readjustments to the differing requirements of 
each patient have to be made. Also, it should be 
possible to so design the treatment procedure that 
all of the adjustments of fluid and electrolyte bal- 
ance can be made by ingestion rather than by 
injection. 

Data accumulated between 1935 and 1939 from 
50 cases (Table I), with and without reactions, 
indicate that while the plasma chloride values did 
not change much (1 to 10 per cent), the values 
were as apt to rise as they were to fall during the 
time of the reaction. Furthermore, there was no 
direct correlation between the chloride values and 


the change, if any, in the total serum protein. 
Significant, however, was a striking and constant 
diminution in the chloride content of the urine. 
This was first evident in the urine passed during 
the treatment,' for the last urine passed before a 
collapse state ensued contained little and occa- 
sionally no demonstrable chloride. Furthermore, 
the total urine output for the day or two after 
treatment was always low in chloride content. 
Not infrequently, the first 24-hour volume (500 
to 2500 cc.) might yield only % to % gram of 
chloride, and several days might pass before this 
rose to 5 or 10 grams for the 24-hour period. 
The blood chloride was frequently 10 to 30 per 
cent below normal for a day or so after treatment 
when collapse had occurred. During this short 
interval, the patient also regained most of the 
weight lost during treatment unless vomiting com- 
plicated the picture. If 15 grams of sodium chlo- 


TABLE I 

Characterislic exchanges during treatment at 41.5° C, before the water and sodium chloride 
intake was properly adjusted (1935-1938) 

Samples were taken just before treatment and at the end of treatment while the patient was still at a temperature of 
41.5° C, These were all patients in excellent physical condition. 


Patients 

At 

41.5® 

C. 

Total scrum 
proteins 

Blood 

chlorides 

Fluid 

intake 

Urine 

during 

treat- 

ment 

NaCI 

intake 

Urine 

NaCl 

Reaction 

Start 

End 




hours 

grams per 100 cc. 

m.eq. per L. 

CC. 

CC. 

grams 

grams 


Mil 

3 

6.9 

8.5 

102 

, 101 

1800 

60 

0.0 

0.0 

Severe collapse; stopped treatment. ^ __ 


IS 

6.4 

6.9 

102 

111 

3600 

40 j 

17.5 

0.3 

3rd hour, -TP = 8.5; 5 grams of NaCI p.o. 











stopped collapse. 


13 

6.7 

6.3 

93 

104 1 

4000 

355 i 

7.5 

1.4 

None. 


16 

6.2 

6.7 

103 

95 

3200 

130 

0.0 

0.3 

None. 


11 

6.3 

7.4 

98 

98 1 

2700 

0 

0.0 

0.0 

Collapse; treatment stopped. 


8 

6.6 

7.4 

103 

99 

2200 

100 

0.0 

3.0 

No sweating at end of treatment. OUieiwisc 





i 






uneventful. , , 

Hut 

11 

7.1 

7.2 

92 1 

109 

2400 

228 i 

20.0 

0.4 

Vomiting, dry skin. Otherwise uncventiul. 

McB 

13 

7.4 

7.2 

97 

98 

3800 

40 

5.0 

0.1 

Restless; dry skin. Otherwise no re£iclion._ 

Dir 

18 

5.9 

7.3 

99 

96 

3500 

220 ! 

0.0 

0.6 1 

0.6 grams NaCI in 20 cc. vomitus. Dry skin. 

Pal 

14 

6.7 

7.3 

101 

100 

3400 

5 

5.0 

0.0-f 

Dry skin; low blood pressure; jaundice; rest- 











less. 


5 


5.9 

100 1 

107 

1800 

190 

0.0 

0.6 

None. 


14 

6.2 

6.4 

99 

102 

3600 

520 

7.5 

2.5 

None. 


15 i 

6.7 

6.4 

103 1 

105 

3600 

1075 

7.5 

1.3 

None. 


16 

5.9 

6.8 

104 

101 

3700 

100 

10.0 

0.2 

Skin slightly dry. No other reaction. 


16 : 

6.8 

7,2 ! 

104 ! 

97 

2800 

130 

7.0 

1.2 

Restless. Otherwise uneventful. 

Slo 

15 

5.6 

5.9 

105 

110 

3300 

25 

15.0 

0.2 

Restless; dry skin. nthrr. 

Ro 

17 

6.8 

7.1 j 

88 

91 

4050 

140 

7.0 

0.4 

Restless; dry skin; low blood pressure. Utn 











wise none. 

III 

16 

6.7 

6-7 

106 


4000 

734 

10.0 

4.1 

None. 

Sko 

21 

6.0 

6.6 

103 

106 

5100 

480 

15.0 

3.3 

None. 

McGo 

22 

5.7 

6.1 

104 

103 

4350 

430 

10.0 

3.8 

None. 

Vic 

27 

6.2 

S.S 

97 

108 

6200 

1688 

20.0 

7.2 

.s • ct.-., Arv at 

DFa 

16 

6.4 

6.5 

96 

91 

3000 

100 

5.0 

0.1 

0.8 grams in 40O cc, vomitus. Skm dr> 











end of treatment. 

RFa 

16 

6.6 

6.9 

101 

105 

4000 

lOSO 

10.0 

2.3 

Restless; slight jaundice. 

,M 

14 

6.S 

7.4 

84 

89 






Croid 

14 

6.4 

6.4 

9S 

106 

3600 

280 

10.0 

1. 1 

Pallor but no other reaction. 
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ride were given daily to supplement that in the 
diet, only about 5 grams would appear in the first 
and second days’ output, and not until the third 
or fourth day would the output approach or pass 
the IS gram excess of sodium chloride adminis- 
tered. 

It soon became apparent that the empirical ad- 
ministration of 1 gram of sodium chloride plus 
500 to 600 cc. of water per hour h}* mouth was 
approximately- the basic requirement for the 
proper management of the average patient at 
41.5° C. for periods of 10 to 20 hours’ duration, 
and that additional sodium chloride must be given 
followng treatment. Reactions became less fre- 
quent on tills routine but occasionally occurred 
when least expected. 

A survey of the total protein changes in the 50 
cases mentioned above showed (Table I) that 
there was a good deal of consistenc}' between the 
rise in serum protein values and the occurrence 
of reactions bordering on collapse. Cases show- 
ing serum protein values of 7.0 grams or loiver 
usually did well. Those with values above 7.0 
grams usually showed some s)*mptoms of the col- 
lapse s)Tidrome. Occasionally, a patient with 
serum protein values of 8.0 grams at the end of 
treatment did well', yet he might show a severe 
chloride deficit in his urine during the succeeding 
days. The rise in serum protein seems to be a 
result of reduction of plasma volume following the 
obviously large and rapid losses of electrol 3 ftes 
and water as a result of profuse sweating (22, 
23), rather than a gain in circulating protein from 
the body stores (24, 25) although some exchange 
can readily occur. It is difficult for us to believe 
that a negative nitrogen balance (26) occurs dur- 
ing the febrile state. Without evidence to the 
contrary, it is probable that the total quantity of 
circulating plasma protein remains fairly con- 
stant (27, 24, 25) during the treatment period. 
The plasma chloride and water, on the other hand, 
are subject to tremendous exchange through in- 
gestion, excretion (sweat and urine), and exchange 
with the extracellular spaces (23, 37). Total 
protein values indicate at least the trend of con- 
centration of the blood, and over the short period 
required are thus a relative measure of what is 
happening to the circulating plasma volume. In 
turn, this is probably a reflection to some extent 


of the state of the interstitial store of fluid and 
electrolytes (28 to 30). 

The determination of the total protein is too 
unwieldy a procedure to be used as a quick, simple 
guide while treatment is undenvay and quick de- 
cisions must be made. The plasma specific gravity 
technique, done by the pyknometer gravimetric 
method (31), on the other'hand, is simple, rapid 
(10 to 15 minutes), and requires little blood. 

The protein content has the greatest influence 
upon the specific weight of the plasma or serum. 
During the treatment, total protein elevations of 
15 per cent (from 5.9 to 6.8 grams) wdll occur, 
and the chloride will change about 2 per cent 
(104 to 101 m. eq./L.), or less than the accuracy 
of both the chemical and specific grainty methods. 
This protein change represents a change in plasma 
specific gravity from 1.0243 to 1.0270. 

Plasma specific gravity data have been con- 
sistently taken for the last 5 years and over 4500 
determinations give a good catalogue of the nor- 
mal and abnormal states encountered (Tables II 
and III). The ranges in Table I are similar to 
those reported by Moore and Van Slyke (32). 
We have now had enough experience in the in- 
terpretation of these data to use plasma specific 
gravity as the principle guide to the adjustment 
of the fluid and salt requirements of the patient 
during our routine treatments of 15 hours at 
41.5° C. Occasional individual and unexplain- 
able variations may be encountered so that one 
must proceed with the treatment more cautiously 
in such cases. 


Hydration status 

Dehydration 

Normal 

Low 

Overhydration 
Eidema zone 
Edema 


TABLE II 

Plasma specific gravity 

Greater than 1.0290 
1.0255 to 1.0290 
1.0233 to 1.0255 


1.0225 to 1.0233 
Less than 1.0225 


Judging by the plasma specific gravity stand- 
ard, many patients are admitted to the hospital 
with their fluid stores near depletion. Failure to 
replenish this store by the administration of salt 
and water before treatment has resulted in the 
past in many cases of dehydration, even during 
short fever treatments. Therefore, in preparing 
a patient for fever treatment, it is advantageous 
to give 12 to 15 grams of salt plus fluid ad lib. 
(3 to 4 liters) to the patient on the da^* before 
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TABLE III 


Characteristic changes in the plasma specific gravity 

Most of these patients were in bad physical condition and the worst risks are marked with an (*). They were treated 
at a lower temperature of 40.5° to 41.0° C. because of this. Extrapolations are from Peters and Van Slyke (33). 


Patients 

Treated at 
41.5° C. 

Plasma specific gravity 

Extrapolated total proteins 

Blood chloride 

Reaction 

Start 

1 

S hours 

End 

Start 

5 hours 

1 End 

Start 

1 

5 hours j 

End 

lllllllll 

hours 

■nil 

1 


grams per 100 cc. 


m, eq. 

per L. 



10 


1.0253 


7.2 

6.4 

8.2 

106 

102 

106 

+-H- 


6* 


1.0263 

1.0268 

5.9 

6.4 

6.6 

104 

103 

104 

4- 


10 

wSBm 

1.0258 

1.0262 

6.0 

6.4 

6.6 

101 

100 

97 

+- 



1.0278 

1.0288 

1.0270 

7.1 

7.4 

6.8 

102 

99 

99 

-b 


10 

1.0254 

1.0250 

1.0251 

6.2 

6.1 

6.2 

103 

101 

98 

-b- 


10 

1.0291 

1.0328 

1.0300 

7.4 

8.5 

7.9 

105 

102 

100 

+ - 



1.0254 

1.0283 

1.0278 

6.3 

7.2 

7.0 

108 

105 

106 

-b 


beh 

1.0265 

1.0271 

1.0293 

6.7 

6.9 

7.6 

111 

106 

107 

-b- 



1.0271 

1.0275 

1.0285 

6.9 

7.0 

7.4 

105 

101 

100 

-j 



1.0284 

1.0284 

1.0284 

7.4 1 

7.5 

7.4 

103 

100 

100 

0 

Mu 


1.0262 

1.0260 


6.6 i 

6.5 


103 

99 


0 

Sin 

10 

1.0298 

1.0276 

1.0294 

7.7 j 

7.1 

7.9 

114 

110 

91 

H — 

Moul 

IS 

1.0269 

1.0271 

1.0281 

6.8 ! 

6.9 

7.1 

110 

108 

1 

104 

! 

1 + — 

1 


0 = no reaction. 

-j — =dry skin, moderately low blood pressure (80 to 70 mm. systolic) at end of treatment. 

+ = restlessmess, dry skin, low blood pressure, mild prostration. 

+ + 4- = collapse as treatment ended; recovered, slight jaundice. 

All of these patients were cases of advanced paresis with a bad prognosis, and either would not have been accepted 
for treatment previous to 1941 because of the bad risk or would have been treated with the knowledge gained from 
previous experience that one or more deaths would ensue from collapse. The preliminary treatment at the lov^r tem- 
perature improved them enough to enable three of them (*) to tolerate the full treatment of 10 hours at 41.5 C. later. 


treatment. Most of this water must be stored 
since the patient usually gains from 3 to 4 kilo- 
grams ill weight over night, and the plasma spe- 
cific gravity reading may drop 10 to 20 per cent. 
Longer periods of salt administration may pro- 
duce catharsis and gastric irritation, or even some 
actual overhydration which may be accentuated 
during treatment unless fluids and salt are later 
restricted. Occasionally, the administration of 15 
grams of salt and appropriate amounts of water 
over a 3-day period previous to treatment has re- 
sulted in a diuresis at the end of this time which 
has depleted the patient, just before treatment, of 
more water and salt than was stored. Thus, some 
patients were near overhydration at the start of 
treatment and others were actually dehydrated. 
Prolonged treatments at 41.5° C. are not feasible 
as a routine procedure without properly “filling” 
the body’s store with salt and water, yet when the 
adjustment is properly done, such long treat- 
ments may be accomplished with surprising case 
and safety. 

Originally, plasma specific gravity measure- 
ments were made daily for 3 to 4 days prior to 
and following treatment, and as often as hourly 
during the course of the fever. Now, however. 


after one day of salt administration, usually of IS 
grams, a determination is made immediately prior 
to the induction of a prolonged fever of 15 hours 
at 41.5° C., and another 5 to 7 hours after the be- 
ginning of treatment, and a third at the close of 
treatment. These 3 determinations are usually 
sufficient. If there is any abnormal change in the 
patient during or after fever, plasma specific 
gravity measurements are made as required. 

During the process of treatment itself, 400 to 
500 cc. of heavily sugared weak tea, dilute fruit 
juice or water are given per hour plus 1 gram of 
salt in 100 cc. of water per hour for the first 4 to 
5 hours. Throughout the rest of the treatment, 
fluids are given at about the above rate but 1 gram 
of salt is given every other hour or not at all, as 
indicated by the plasma specific gravity readings. 
Unless otherwise indicated, all of the fluids and 
salt are given by mouth. 

During the past 48 months, up to July 1942, 
406 prolonged treatments employing the “radiant 
energ)'" cabinet have been guided by the plasma 
specific gravity measurements as determined b> 
the pipette pyknometer method (41)- thejast 
100 fever treatments of 10 to 27 hours at 41.5 C. 
done just previous to 1939, there was one death, 
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and approximalclj- 2S per cent of the cases dis- 
played dehydration severe enough to give clinical 
signs and rises of 15 to 30 per cent in the total 
protein ralues. In the next 100 cases given 10 to 
IS hours of fever at 41.5° C. during 1939 to 1940, 
while we were adjusting the fluid and salt intake 
in accordance with the plasma specific gravity 
■values, there was one death (reported below) and 
approximately 20 per cent of the cases were to 
some degree dehydrated. Between 1940 and Juty 
1942, however, over 300 cases have been treated 
^rith less tlian 10 per cent of them falling in tlie 
dehydration range. There were no mortalities in 
this group. Many of these patients were paretics 
in such poor physical condition that tliey would 
not have been accepted for treatment prerious to 
1940 (Table III). In some instances, the ad- 
ministration of fluid has been overdone and a new 
S}’ndrome of overltydration produced which, in 
many respects, causes symptoms resembling de- 
hydration. 

During the period of fever treatment it has 
been found that the patient’s body fluid status, as 
indicated by the plasma specific gra\’ity readings, 
may be dirided into any one of 3 general groups : 

1. The plasma specific gra\’ity level may start 
at and be maintained well within the normal range 
of 1.0255 to 1.0290 by the proper fluid and salt 
administration. 

2. The specific gravity levels may be already 
high or may rise during treatment, indicating that 
dehydration is present. This must be corrected 
or the treatment stopped if this trend persists or 
increases. 

3. The plasma specific gra'i’ity may fall from the 
initial value, indicating plasma dilution. This may 
represent adequate or excessive fluid storage, in 
which situation, fluid and salt should be restricted. 

Characteristic illustrations of these variations 
are presented in 3 classifications: (I) the well 
controlled or satisfactory group; (2) the de- 
hydration group; and (J) the overhydration 
group. 

1. SATISFACTORY GROUP 

The criteria for classification -within this group 
are: (1) tolerance of the patient to the therapy, 
'vith no marked irregularities of pulse, respira- 
tion, or blood pressure, and complete recovery by 


the following day. In cases treated routinely for 
periods varj’ing from 5 to 18 hours at 41.5° C., 
the respirations may be from 20 to 40 per minute, 
the pulse 140 to 160 per minute. During the in- 
duction and the first hour of fever, the systolic 
blood pressure may rise 20 to 40 mm. Hg higher 
than at the start of treatment. During the latter 
part of therapy, the systolic pressure may fall to 
100 or 120 mm. Hg and rarely goes lower than 
20 mm. below the patient’s normal blood pressure 
level. (2) Nausea, vomiting, or diarrhea are ab- 
sent. The output of urine containing some sodium 
chloride continues at regular inteirals. There is 
a “normal” amount of sweating although some pa- 
tients sweat more profusely than others. Neither 
age, the disease for which the patient is being 
treated, nor any other obrious reasons seem to be 
related to the amount of sweating present. (S) 
The patient is able to sleep during most of the 
treatment ■ndthout narcosis and mth a minimum 
of restlessness when awake. (4) The plasma spe- 
dfic gra-idty is maintained in the normal range of 
1.0255 to 1.0290. (5) In this group there were 
369 treatments, or 91 per cent of the entire series. 

Four selected cases have been chosen to demon- 
strate the various changes in plasma specific 
grarity which may occur during a satisfactor}'' 
fever treatment at high temperatures. The large 
although variable maintenance requirements of 
both salt and water are of particular significance 
in estimating the needs of a case in order to pre- 
vent s}'mptoms of ad\'ancing deh 5 ’’dration from 
any cause. The gain or loss in body weight, if 
any, can be about 2 kgm. -without causing clinical 
sjTnptoms or deflecting the plasma specific gra•^•ity 
out of the normal range. This -^veight loss is re- 
adjusted by the patient -within a few days folio-w- 
ing treatment. The urine excretion r^aries be- 
tween 14 ^nd ^ of the fluid intake. The role of 
the sweat glands as an excretory organ of high 
order during fever thus becomes apparent. 

Before the advent of sulfanilamide, fevers of 15 
to 27 hours’ duration at 41.5° C. were not un- 
usual. A single prolonged fever is still often 
given for the treatment of refractory cases of 
gonorrhea (32, 34), and is also being used in our 
clinic for the treatment of paresis, whenever fea- 
sible. Four selected cases of rheumatoid arthritis 
were given experimental 48-hour treatments at a 
temperature of 39.5° C. In these cases, where 
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sweat loss is of such great magnitude, it is espe- 
cially important that the control of fluids and 
electrolytes be adequately and safely guided. 

Case Number 1 (Figure 1) : This case illustrates a rou- 
tine 12-hour treatment, at a rectal temperature of 41.5° C., 
of a 40-year-old woman with latent syphilis. The patient 
had an intake of 4220 cc. of fluid and 10 grams of salt, 
with a urine output of 630 cc. Blood pressure varied but 
slightly from its original level (average pulse 120, respira- 
tions 27). Interesting to note is the overnight rise of spe- 
cific gravity between November 2 and November 3 (the 
day of treatment). This has frequently occurred and is 
probably due to excessive kidney excretion as a result of 
nervousness in an apprehensive patient at the prospect of 


treatment the next day. With adequate administration of 
fluid during the first few hours of treatment, the plasma 
specific gravity was soon brought down to the optimum 
level where it remained throughout the treatment. The 
patient tolerated the therapy extremely well but for one 
small emesis, some nervousness and apprehension. Her 
condition at the end of treatment was excellent. The rise 
and fall of her plasma specific gravity during the 3 days 
following treatment is commonly found and probably 
represents an overcompensation during readjustment of 
the witer balance mechanism which has been subjected 
to a severe strain by the fever. 

Case Number 2 (Figure 2) : This patient was a 52- 
year-old paretic who was treated for 10 hours at a tem- 
perature of 41.5° C. The plasma specific gravity level the 
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day prior to treatment showed that he had stored water 
in response to the prefe>’er hydration regime. There was 
little change from this level overnight. Since most o£ the 
patients showed a tendencj* to dehydrate during the first 
few hours of fever, fluids were forced during this period. 
At the third hour, the plasma specific gravitj- le\-el was 
still optimum so gradually the fluids were reduced until 
it was found that the plasma specific gravity levels at the 
8th and 10th hours could be maintained by only 200 cc. of 
fluid per hour and 1 gram of salt. His total fluid intake 
was 4500 cc. and 6 grams of salt were given. Urinary 
output was 280 cc. He perspired markedly throughout 
treatmenL His weight at the start of treatment was 92.6 
kgm. and at the end was 89.3 kgm. His average pulse and 
respirations were 100 and 32, respectively. Blood pressure 
showed a gradual downward trend from 150/76 to 90/46 
at the close of treatmenL The patient tolerated the fever 
well and his post-fever course was uneventful. 

Case Number 3 (Figure 3) : This chart illustrates the 
satisfactory treatment of a 43-year-old male, treated for 
gonorrheal arthritis at 41.5° C. for 18 hours. His total 
fluid intake was 4700 cc. and he received 14 grams of salL 
His urinary output was 900 cc. and he vomited a total of 
about 900 cc. in small amounts at various time intervals, 
reducing his actual intake to 3600 cc. Sweating was in- 
tense. His clinical status remained within normal limits. 
It may be seen from the chart that there is a slow gradu^ 
tendency for his plasma specific gravity to rise, yet it did 
not reach a high level at any time. He was adequately 
prepared, had stored fluid well, and with the administration 
of nearly the proper amoimt of fluid and salt during the 
treatment, his dehydration did not approach a dangerous 
level. His clinical condition at the close of treatment was 
good. 

Case Number 4 (Figure 4) : A 48-year-old woman with 
infectious arthritis was given a 48-hour treatment at 


39.5° C. Her intake over this period was 13,840 ca of 
fluid and 29 grams of salt. The urinary output was o460 
cc. and there was no emesis. Tlus case was very well 
controlled. Water and salt intake was reduced after 26 
hours of treatment, and the plasma specific gravity rose to 
1.0278 bj- the 34th hour. The flm'ds were therefore pro- 
portionally increased and a corresponding fall in plasma 
specific gravity was noted. The specific gravity 
ing the last 8 hours was near the optimum of 1.0255. That 
she was well hydrated and the interstitial rese^oirs well 
filled was indicated not only by the plasma specific gravity 
levels but also by the continued sv.-eating, urine output, and 
a normal blood pressure, and no weight loss. Her reac- 
tions are typical of 3 others sunilarly treated. 

2. DEHYDRATION GROUP 

The criteria for classification in this group are : 
(7) The psjxhic intolerance of the patient to 
therapy, which increases dangerously if the de- 
hydration state persists. Depending somewhat 
upon the rate of development of the dehydration 
state, the urine output diminishes and then ceases. 
Sweating stops. The patient maj’’ show fluctua- 
tions in the rate of pulse, respiration, and blood 
pressure. C^) the dehydration is severe, the 
respirations increase and become shallow, cj'ano- 
sis appears, the pulse rises to 160 or 1/0, and the 
systolic pressure begins to fall rather rapidly. 
The pulse pressure increases and may finally dis- 
appear. The skin is bluish and often cold. The 
extremities are cold, even with a rectal tempera- 
ture of 41.5° to 42.5° C. (i) Nausea may be 
present but only after the patient has over-corn- 
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pensated his thirst by the amount of fluid with- 
out salt that the stomach can care for. The emesis 
contains little or no chloride. (4) Extreme rest- 
lessness ensues and maniacal trends develop to the 
time of unconsciousness when the collapse or 
shock state becomes fully evident. Maniacal 
states are accompanied by physical excretion 
which is accompanied by a rise in temperature. 
It usually defeats attempts to cool the patient 
down. Such maniacal states are now controlled 
by the use of 0.5 gram to 2.0 grams of Evipal 
intramuscularly or intravcnousl)% which allows us 
to reduce the temperature before a dehydration 
collapse ensues yet still permits the patient to re- 
cover consciousness rapidly enough to cooperate 
in taking fluids by mouth. In Case Number 5, 
the clinical signs of collapse came on too rapidly 
during the maniacal state to alter the course of the 
treatment in time. Had we had more experience 
with the plasma specific gravity method at that 
time, the development of the dangerous dehydra- 
tion state would have been appreciated earlier and 
precautions would have been taken to prevent it. 
(S) When the clinical evidences of dehydration 


are present, the plasma specific gravity has al- 
ways been in the dehydration range above 1.0290. 
In the average case, a change to the high normal 
specific gravity level, or a rise from normal into 
the dehydration zone, indicates the possible onset 
of dehydration well before there is any clinical 
evidence for it. (6) There have been situations, 
however, when treatment has been continued even 
with the specific gravity reading in the dehydra- 
tion range throughout the entire course of treat- 
ment. In such cases (Numbers 7 and 8), the 
situation was apparently otherwise normal since 
sweating and urine output continued, and the chm- 
cal status was within the normal range. This is 
in some way related to a seasonal variation which 
will be discussed later in this paper. (7) A pro- 
longed period of inadequate supply of salt and 
fluid at these high temperatures in the presence 
of dehy’dration may also result later in the ap- 
pearance of jaundice which is apparently due to 
damage to the liver. The jaundice may be scicre 
and add days to the hospitalization of the patient. 
This is now rarely seen since the fluid and salt 
balance have been controlled. Jaundice is little 
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affected by carbohydrate administration alone, but 
responds more rapidly to adequate saline ad- 
ministration of from 15 to 20 grams daily plus 
plasma protein transfusions. ( 8 ) Recovery' from 
advanced dehydration states may take from 3 to 
10 days, even wth adequate water and salt ad- 
ministration. The symptoms are anorexia, vomit- 
ing, malaise, and occasionally anuria and fever. 
The loss of weight luay be as much as 4 to 6 
kgm. (P) In this group, there were 28 treat- 
ments, or 6 per cent of the entire series of cases. 
Three selected cases have been chosen to illus- 
trate tlie various changes in plasma specific grav- 
it)’, etc., which occur in the state of dehydration. 

Case Number 5 (Figure 5) ; One of the early cases in 
this scries demonstrates quite well how rapidb' dchj'dra- 
tion may develop with little warning and progress to a 
fatal termination with collapse or shock. This patient 
was a 41-year-old obese male, in poor physical condition, 
who was treated at 41.5° C. for advanced central nen-ous 
system sj-philis. The fluid intake was not guided by 
plasma specific gravity measurements at this time, and it 
is noted that there was actually very little change in his 
level during the prefever stage, showing that he had prob- 
ably not increased his fluid reserve. Overnight before 
treatment, the plasma specific gravity level rose from 
1.0264 to 1.0278 (upper normal range). Thus, when fever 
was started the profuse sweating which ensued soon de- 
pleted his fluid and salt stores to a dangerous level. Clini- 
cally, he seemed to be doing poorly from the onset of 
therapy although his blood pressure uns maintained satis- 
factorily. Two hours after the start of therapy his tem- 
perature was 41.5° C., and shortly afterward the patient 


developed an uncontrollable mania. His condition rapidly 
became critical with ensuing collapse and coma. Up to 
that point he liad received 900 cc. of fluid and 1 gram of 
salt, the usual amount. There was then an emesis of 100 
cc. followed by a sudden and complete cessation of sweat- 
ing. The pulse became barely perceptible and the blood 
pressure could not be obtained. He was given 500 cc. of 
Ringer's solution subcutaneously and 1000 cc. intraven- 
ously but he expired 2 hours later, 7 hours after the start 
of treatment, and despite all efforts to revive him. At the 
4th hour (even after some of the infusion fluid had been 
given), tlie plasma specific gravity was 1.0327. The col- 
lapse of this man was obviously precipitated by the onset 
of his maniacal state while he was in the lower and early 
stages of dehydration. Post mortem examination re- 
vealed no definite cause of death. 

Cases Number 6 and 7 (Figures 6 and 7) : In Febru- 
ary 1939, 2 cases were treated on the same day. Both 
were young men in good phj-sical condition. They had 
both appeared in the Sj^philis Qinic on the same day with 
acute primary and secondary lesions of syphilis. Both 
had temperatures varying from 38.0° C. to 38.5° C. and 
appeared moderately acutely ill. It was decided to treat 
them with fever, neither having had any chemotherapy. 
The day previous to treatment it was found that the 
plasma specific gravity levels of both men were in the 
high level for the normal range. Fluids were not well 
stored, probably because of their febrile condition and 
also perhaps because of the seasonal factor. 

At about the time their induced fevers had reached 
41.5° C., both patients showed what were ordinarily con- 
sidered to be dangerously high plasma specific gravity 
levels. There was an immediate increase in the admin- 
istration of fluid and salt for both patients. “S” responded 
fairly well clinically, but "R” failed to accept his fluids 
properly so the cabinet was opened at the 4th hour and 
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his temperature brought clown slowly. After a brief time, 
his clinical condition improved and the treatment was re- 
sumed at 40.5° C. Having passed this critical period, 
both cases continued to receive their treatment, “R” for 
a total of 14 hours, and “S” for 17 hours, at 41.5° C. 
The .plasma specific gravity readings for both continued 
just above the normal range during this period. This 
would seem to indicate that their interstitial reservoirs 
were apparently near depletion, yet both of these patients 
had profuse sweating and appeared to react normally. 
"R” had a total intake of 9050 cc. and 17.5 grams of salt, 
with a urinary output of 950 cc. His blood pressure, 
pulse, and respirations were well sustained. Toward the 


end of treatment, he ceased sweating and treatment was 
stopped. He recovered promptly from the treatment 
without sequelae. "S” had a total intake of 8700 cc. and 
16 grams of salt with a urinary output of 1185 cc. His 
clinical status also showed little variation from the^ nor- 
mal. These cases indicate that even though undesirable 
levels are present, treatment may progress with caution 
as long as the plasma specific gravity levels are carefully 
followed. 

Since these 2 cases not only continued to sweat but a so 
had rather large volumes of urinary output, we were at a 
loss to e.xplain fully their good condition at such high spe 
cific gravity levels. Assuming that a seasonal shift m 
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tlie plasma specific gravity level had occurred, as sug- 
gested above, it may be that these patients were actually 
maintained on a narrower fluid rcsers'oir margin at this 
period of the year. These 2 cases arc good c.Tamplcs of 
several which have occurred during this period of the year. 

3. OVERHTORj^tTION GROUP 

The criteria for classification in this group are : 
(J) The psychic intolerance of the patient to 
therapy as long as the overhydration state per- 
sists. Irregularities of pulse, respiration, and 
blood pressure are noted. The respiration rate 
may increase and often becomes stertorous. The 
pulse may be rapid (120 to 160 per minute). 
The blood pressure may first rise to hypertensive 
levels and then as collapse ensues, it may fall be- 
low 80 mm. Hg systolic. (2) Nausea and vomit- 
ing appear rather early. Diarrhea may also be 
present. Strangely enough, the urine is first as 
copious as is the diaphoresis but as the over- 
hydration state becomes more extreme, the renal 
mechanism fails and sweating ceases. The skin 
may be very dry, with no evidence of perspiration 
in any area. The e.\tremities are cold and blue, 
and the patient actually appears dehydrated. (5) 
Early in the overhydration state, there is no evi- 
dence of gross edema. As the state becomes more 
severe, however, puffiness is noted about the face 
and eyes, and gross edema appears which may 
even become general, involving the ankles, legs, 
sacrum, and arms. (4) The patient becomes rest- 


less, irritable, and emotionally unstable. Later, 
muscular t%vitchings, athetoid movements of the 
arms and legs (not tetany) may appear. In the 
advanced states of overhydration, severe and al- 
most continuous grand mal seizures are present. 
It may be necessary to administer intravenous 
Evipal to stop these serious seizures, as is done 
for the mania accompanying dehydration states. 
The body temperature should be reduced as 
quickly as possible, since below 40° C. these cen- 
tral nerv'ous system phenomena usually disappear 
without the aid of anesthesia. Recovery after 
treatment is slow, for the patient is in a “water 
logged” state. Mental confusion and irritability 
often last for 2 to 7 days. This is frequently ac- 
companied by a spontaneous fever of several de- 
grees. These mental symptoms have not been ob- 
served in patients who are dehydrated. (5) The 
gain in weight may be as much as 5 or 6 kgm. 
which are later lost by diuresis. (6) The plasma 
specific gravity measurements in these cases of 
overhydration are below 1.0245. A rapid drop 
from high normal to this level may present some 
symptoms. The plasma specific gravity trends 
show very early any tendency to overhydration. 
Thus, the serious overloading of the system with 
salt and water may be avoided. This measure- 
ment is of great aid in differentiating between 
overhydration collapse and dehydration collapse. 
In fact, in cases where sweating is absent, this 
may be the only means of differentiating behveen 
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the two states. The state of overhydration col- 
lapse or shock was entirely new to us and we have 
sometimes been guilty of inducing it in our at- 
tempt for optimum adjustment. { 7 ) In this 
group were 9 definite cases, or 3 per cent of the 
entire series. Three cases have been chosen to 
illustrate the changes brought about during the 
development of a state of overhydration. 

Case Number 8 (Figure 8) ; Patient E. L, developed a 
state of moderate overhydration. A 23-year-old female 
with gonorrheal arthritis and cervicitis was treated for 
15 hours at 41.5° C. Intake was 5200 cc. of fluid and a 
total of 12 grams of sodium chloride. The urine output 
was only 665 cc. Although definitely overhydrated (show- 
ing a plasma specific gravity of 1.0232) the patient did not 
become edematous nor show changes in blood pressure. 
In general, she tolerated the procedure fairly well and 
recovered promptly. 

Case Number 9 (Figure 9) ; A 21 -year-old female with 
chorea was given 11 hours of fever at 41.5° C. She re- 
ceived a total of 4300 cc. of fluid and 9 grams of salt 
over this period of time. Her urinary output was 365 cc., 
which was unusually scant as compared with the large in- 
take. Sweating was only moderate. Here also, specific 
gravity readings were not yet used to govern the fluid 
intake, and from the 7th to the 13th hours, the plasma 
specific gravity dropped from 1.0237 to 1.0212. In this 
case, the patient had gross edema, with swelling of the 
face and eyelids, and pitting edema of the sacrum and 
legs, indicating that fluids had been forced beyond the 
body needs. This incident was in accord with the findings 
of Baird and Haldane (35) who showed that the admin- 
istration of scKlium chloride in excess of the ability to 
excrete it produced visible edema. Other than the water- 


logging, her course was favorable. There was some post- 
fever nausea and vomiting, and she did seem somewhat 
more exhausted by the fever treatment than does the 
average well-controlled case. 

Case Number 10 : This case developed a severe and al- 
most fatal overhydration, with a clinical syndrome almost 
indistinguishable from dehydration. A 24-year'old female 
with advanced congenital paresis, confused, emotionally 
unstable, agitated, was treated after the usual preparation. 
She tolerated the treatment at 41.5° C. fairly well up to 
the 10th hour when she began to have grand mal seizures 
which passed into status epilepticus, at whicii time the 
treatment was terminated. By this time, her intake uas 
5300 cc. of fluid, urine output was 80 cc. with moderate 
sweating. She received 0.5 gram of Evipal intravenous y 
and 0.5 gram of Evipal intramuscularly without affecting 
the attacks. In order to stop the muscular effort from 1 'C 
steady series of seizures which might further elevate t 'c 
temperature, a total of 65 cc. of venethane ether by m 
halation was necessary. Unfortunately, plasma spcci c 
gravity measurements were not obtained before treat 
ment, but a reading taken when the Evipal was given was 
1.0175, the lowest ever observed. The patients tempera 
ture remained between 40.0° C. and 41.0° C. for the ncx 
12 hours, in spite of efforts to reduce it The skin uas 
extremely dry, with no evidence of any sweating am 
there was no urinary output. Because of the extreme 
overhydration as indicated by the plasma specific gra\ i ) i 
the administration of fluid was withheld. One cc. o ^ 
salyrgan and 0.4 gram of digitalis were gi'cn tntra\ 
ously for their diuretic effect. Following this, .an ovc 
the next 12-hour period, the patient excreted 1200 cc. o 
urine, and by the next afternoon, was on the way to ^re- 
covery from the excessive fluid storage. The bIoo< P*^-^ 
sure during the 10 hours of actual treatment varicn be- 
tween 100/50 and 115/30. This patient was not outward y 
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edematous at any time, the overhydration apparently being 
mostly within the circulating system and brain. This 
situation may be very confusing to the clinician, for the 
appearance is alt in favor of dehydration. Without the 
intervention of tlie anesthetics to stop the seizures, which 
if they had continued would have raised the body tem- 
perature still higher, and the effective application of di- 
uretics to eliminate the excessive fluid, this case would 
undoubtedly have had a fatal termination. 

SEASONAL VARIATION 

It \ras noted that during Januarj', February, 
and March of each year, the plasma specific 


gravity values were consistently higher than previ- 
ously, and that individuals were encountered dur- 
ing these months who could not be “properly” 
hydrated prior to artificial fever therapy. It was 
during these months that Cases 7 and 8, discussed 
under the dehydrated group, were encotmtered. 
Representative averages for the last 4 years of 
normal cases and observations before and after 
fever treatment have been plotted in Figure 10. 
It may be seen that a definite change in the level 
is established during the late winter months. In 
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Case Number 11 (Figure 11), observed and 
treated in September and again in February, there 
is noted a decided shift of the plasma specific 
gravity levels. This illustrates an observation 
noted many times in the same individual receiv- 
ing fever therapy in two different seasons of the 
year. Bazett ei al. (34) has reported differences 
in blood volume in summer and winter. Barcroft 
et al. (4), by means of the carbon monoxide 
method of blood volume measurement, showed an 
average increase of 10 to 25 per cent in blood vol- 
ume in subjects who travelled from England 
through the tropics. We conducted several pre- 
liminary experiments in which the room tempera- 
tures and humidity were elevated to “summer 
levels” for short periods of 3 to 5 days during the 
winter. The storage of water was less than 1 per 
cent and the changes were not in accordance with 
the magnitudes reported by Bazett (36). The 
significance of a seasonal variation in hydration is 
not well understood although it probably is re- 
lated in some way to the dry cold part of our 
winter. However, if one is mindful that such a 
change can take place, certain dangers in fluid 
management can be eliminated. 

SUMMARY 

The incidence of collapse during artificial fever 
therapy can be greatly reduced by judicious re- 
placement of water and sodium chloride lost in 
sweat. 

The development of collapse is found to be as- 
sociated with dehydration and, occasionally, over- 
hydration of the blood plasma. 

The symptoms accompanying both of these 
states resemble those of traumatic shock; pallor, 
cold extremities, and high body temperature, ab- 
sence of sweating and urinary excretion, mania 
or unconsciousness. 

Tiiere is therefore need for a guide to control 
the water and salt intake. This is satisfactorily 
provided by measurement of plasma specific 
gravity. This easily obtainable datum dependably 
forecasts tlie development of collapse and is there- 
fore an extremely important item of procedure in 
artificial fever therapy. 

The autliors wish to express their appreciation to Drs. 
William S. McCann, Samuel Bassett, Henry Keutmann, 
and Harold C. Hodge for tlicir many suggestions regard- 


ing the treatment of our patients; to Dr. Nolan Kaltrcider 
for his blood volume studies during the studies on sea- 
sonal variation ; to Miss Emmy Lehman, fever nurse dur- 
ing the early years, Mr. Francis W. Bishop, for technical 
assistance, to two former fever' residents. Dr. Gerald 
O’Hara and Dr. Harold Cohn, — all of whom contributed 
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Case Number 11 (Figure 11), observed and 
treated in September and again in February, there 
is noted a decided shift of the plasma specific 
gravity levels. This illustrates an observation 
noted many times in the same individual receiv- 
ing fever therapy in two different seasons of the 
year. Bazett et al. (34) has reported differences 
in blood volume in summer and winter. Barcroft 
et al. (4), by means of the carbon monoxide 
method of blood volume measurement, showed an 
average increase of 10 to 25 per cent in blood vol- 
ume in subjects who travelled from England 
through the tropics. We conducted several pre- 
liminary experiments in which the room tempera- 
tures and humidity were elevated to “summer 
levels” for short periods of 3 to 5 days during the 
winter. The storage of water was less than 1 per 
cent and the changes were not in accordance with 
the magnitudes reported by Bazett (36). The 
significance of a seasonal variation in hydration is 
not well understood although it probably is re- 
lated in some way to the dry cold part of our 
winter. However, if one is mindful that such a 
change can take place, certain dangers in fluid 
management can be eliminated. 

SUMMARY 

The incidence of collapse during artificial fever 
therapy can be greatly reduced by judicious re- 
placement of water and sodium chloride lost in 
sweat. 

The development of collapse is found to be as- 
sociated with dehydration and, occasionally, over- 
hydration of the blood plasma. 

The symptoms accompanying both of these 
states resemble those of traumatic shock; pallor, 
cold extremities, and high body temperature, ab- 
sence of sweating and urinary excretion, mania 
or unconsciousness. 

There is therefore need for a guide to control 
the water and salt intake. This is satisfactorily 
provided by measurement of plasma specific 
gravity. Tliis easily obtainable datum dependably 
forecasts the development of collapse and is there- 
fore an extremely important item of procedure in 
artificial fever therapy. 
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Tlie various components constituting the plasma 
protein comple.x liave been characterized by many 
different chemical methods. Perhaps the most ex- 
tensively used method ol defining the component 
proteins has been by describing their solubility be- 
havior in salt solutions. Thus, the terms fibrijio- 
gen, euglobulin, pseudoglobulin, and albumin have 
been applied, not to molecular species or chemical 
entities, but to the fractional parts of the total 
plasma protein complex, separated by precipita- 
tion at specified salt concentrations. 

In this study, the plasma protein fractions 
“salted out” by increasing concentrations of salt 
solution were quantitated in normal infants and 
children. The influence of maturity and age upoTi 
the concentration of the indi'vidual fractions pre- 
cipitated was studied by examining and compar- 
ing the bloods of premature infants, full-term 
newborn infants, older infants, and children. The 
quantitative changes occurring during the course 
of various diseases, especially nephritis and ne- 
phrosis, were measured, y/ 

METHODS 

The phosphate salt mixture used by Butler et at. (1, 2) 
in their study of the solubility curves of human plasma 
proteins was employed. These authors, using an equation 
derived by Cohn (3), obtained a discontinuous curve when 
the solubility of the protein expressed logarithmically was 
plotted against increasing concentrations of the phosphate 
precipitant They stated that the breaks in the discon- 
tinuous curve were caused by successive precipitation of 
the progressively more soluble protein fractions. 

Briefly, the method entailed precipitation of the proteins 
at room temperature with increasing concentrations of a 
phosphate solution. The phosphate precipitant was made 
of equal parts of monobasic and dibasic potassium phos- 
phate, so that the pH of the different concentrations em- 
ploj’ed was constant at 6.5. Blood was collected without 

^ Aided by a grant from the Mead Johnson Company, 
Evansville, Indiana. 


stasis and allowed to clot. After centrifugation, the serum 
was separated. One volume of serum was added to 30 
volumes of phosphate precipitant (The different concen- 
trations of phosphate precipitant were prepared from a 
stock 3 molar solution.) In actual practice, 0.2 cc. of 
serum was added to 6.0 cc. of phosphate solution; instead 
of filtrations as practiced by Butler et al. (1, 2), the pre- 
cipitated protein was removed by centrifugation at 2,000 
R.P.M. for 15 minutes in the angle centrifuge. Super- 
natant fluids were analyzed by the micro-Kjeldahl method. 
The concentrations of phosphate precipitant used with 
each serum ranged from 0.8 molar to 3.0 molar. 

Because there is, as indicated by Butler et al. (2), a 
lack of sharp breaks in the solubility curve of the serum 
proteins obtained by salt precipitation, we have recorded 
the absolute amoimt of protein (grams per 100 cc.) 
precipitated by each successive increase in salt concentra- 
tions of precipitant In the interest of consistenQr, we 
have also designated in our tables the fractions precipi- 
tated by the Na^SO, method of Howe (4) as the fractions 
precipitated and soluble in 22 per cent sodium sulphate. 
The fraction precipitated by this concentration of Na-SO, 
is, in conformity with custom, referred to in the text as 
total globulin and the protein remaining in solution, total 
albumin. It is to be emphasized that the protein fractions 
precipitated by either method employed are not chemical 
entities and that the terms globulin and albumin are used 
merely for convenience. 

Fibrin was determined by the method of Cullen and Van 
Slyke (5) on oxalated plasma obtained at the same time 
as the serum sample. 

I. NORMAL INFANTS AND CHILDREN 

Ten healthy childre n, ran ging in age from 5 to 
10 years, were studied. Their serums and plasmas 
were examined on 2 or more occasions. Each de- 
termination was done in duplicate. The values 
for the protein fractions determined by the phos- 
phate precipitant and the Howe sodium sulphate 
methods were found to be fairly constant for a 
given child, on determinations done at different 
times. Table I contains the values for the pro- 
tein fractions for 2 of the normal children, and is 
presented as an example of the relatively constant 
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TABLE I 


Grams of protein per 100 cc. of serum obtained by single fractional precipitation of serum proteins of the 

normal child on different occasions 


Subject 



1.5 Molar NajSOit 

i 

Molar concentrations of phosphate precipitant 

Date 

Fibrin* 

Insoluble 

(“Globu- 

lin”) 

Soluble 

("Albu- 

min") 

i 

1.6 Molar 

2.0 Molar 

2.4 Molar 

2.6 Molar 

2.8 Molar 

3,0 Molar 

D.L. 

Female 

8 

years 

old 

May 4, 1939 

0.240 

1.54 

5.14 

1.22 

1.10 

1.30 

0.95 

1.28 

0.80 

May 10, 1939 

0.252 

1.50 

5.07 

1.16 

0.95 

1.06 

1.09 

1.24 

0.80 

May 17, 1939 

0.248 

1.56 

5.15 

1.16 

1.07 

1.29 

0.96 

1.44 

0.60 

S. G. 

Male 

6 

January 23, 1939 

0.347 

2.21 

4.44 

0.95 

1.35 

0.98 

0.83 

1.77 

0.68 

years 

old 

February 1, 1939 

0.334 

2.37 

4.57 

1.02 

1.46 

0.93 

0.83 

1.83 

0.84 


* Fibrin determined on oxalated plasma by method of Cullen and Van Slyke. 

t By method of Howe. The fraction of the serum proteins insoluble in 1.5 Molar Na 2 S 04 is commonly referred to 
as globulin, the fraction remaining in solution, as albumin. 


values of the protein fractions in the same child. 
The duplicate determinations done on the same 
blood sample checked closely. We feel that the 
validity and reproducibility of our analytical tech- 
nic were established by these checks. 

In Tables II and III are summarized the data 
obtained from the examination of the serum and 
plasma proteins of normal infants and children. 
In these tables and all subsequent tables, the values 
obtained for the group of 10 children from 5 to 10 

TABLE II 


Influence of age and maturity on serum proteins in 
grams per 100 cc. 



Fibrin 

Total 

scrum 

protein 

1.5 Molar NarSOi 


Insolublot 

Solublet 

Nonna! children 
(10 children) 

OJ2S±0.04 

7.30±0.59 

2.4±0.74 

5.0*0.78 

Premature infanta 
(17 infania) 

Apes: 1 to C8 days 

0.27±0.15 

4.55±0.59* 

1.01±0.45* 

3.55*0.65’ 

Full-term newborn 
infants 
(17 infants) 

0.24±0.(« 

5.11±0.70’ 

1.34±0.4r 

3.7(i*0.43’ 

Older infants 
(IG infants) 

Aprs: 2 to 11 months 

0.2S±0.0S 

0.10±0.2g* 

1.3S±0.6S* 

4.97*0.73 

Mo them of premature 
infants 
(0 mothers) 

0.J0±O.0S* 1 

7.20r£:0.59 

2.20*0.76 

4.83*0.44 


• Significant difference from value for normal children 
(Fisher’s “t” test). 

t The fraction in grams per 100 cc. of serum protein 
precipitated by 1.5 Molar NajSOj is commonly referred to 
as globulin, the amount of serum protein remaining in 
solution, as albumin. 


years of age are used as the standard of reference. 
Between these ages, it is known that the plasma 
proteins have attained adult values (6). Seven- 
teen premature infants, ranging in age from one 
to 68 days, were studied. All weighed less than 
5 pounds at the time of study. Seventeen full- 
term newborn infants, weighing from 7 to ^^2 
pounds, were studied during the first 48 hours of 
life. Sixteen healthy infants, . ranging in age from 
2 to 1 1 months, constituted the group of older in- 
fants examined. In addition, the serums and 
plasmas of 6 mothers of the premature infants 
were analyzed. In the premature and newborn 
infants and in some of the older infants, blood 
samples were obtained from the superior longi- 
tudinal sinus. When blood was drawn from a 
vein, it was obtained without stasis. 

The concentrations of the protein fractions arc 
expressed as grams per 100 cc. of serum or 
plasma. The standard deviation of each average 
value is included. Using the average obtained 
from the 10 older children as normal standards, 
the "t” test of Fisher (7) was applied to deter- 
mine significant difference for the values obtained 
witli the other subjects studied. 

Examination of Table II shows that the blood 
fibrin levels are remarkably constant and simiK^ 
at all age periods studied. These values are in 
the normal range for adults (8). The high fibrin 
values for the mothers of the premature infants is 
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a characteristic finding in pregnant and post- 
partum women (9). 

The total serum protein concentration rises with 
increasing maturity, starting with a level of 4.55 
± 0.59 grams per 100 cc. of serum in the prema- 
ture infant and reaching a value of 7.30 0.59 

grams in the normal child. This value for the 
child from 5 to 10 years is the same as that of the 
adult. The values for older infants (2 to 11 
months) are still significantly below the adult fig- 
ure. We have no data covering the age period 
from 1 to 5 years, so that we cannot state at which 
time the normal adult level of total serum protein 
is attained. 

As is obwous in Table II, tlie increase of total 
serum protein concentration with age is dependent 
upon increases in the 2 fractions commonlj' desig- 
nated as globulin and albumin. However, in the 
attainment of the adult level of total serum pro- 
tein, there is a proportionately greater increase in 
globulin concentration than in albumin. The low 
\’alue of the globulin fraction in the premature in- 
fant (1.01 0.45 grams) is in good agreement 

M-ith the values obtained by Harrow and Caiy- 
(10). It is interesting to note that the albumin 
concentration reaches the adult level in the infant 
at a time when the globulin concentration is stiU 
low. Achard and his co-workers (11) reported 
that the serum globulin of the newborn infant was 
lower than that of the maternal serum, but that 
the serum albumin was of the same order of 
magnitude in both infant and mother. However, 
our data indicate that the serum albumin of pre- 


mature and full-terrn newborn infants is signifi- 
cantly lower than the maternal serum albumin. 

Table III summarizes the data obtained by frac- 
tionation of the serums of the same indiHduals 
represented in Table II, with the phosphate pre- 
cipitant. We have charted our data as increments 
of protein (in grams per 100 cc. of serum) pre- 
cipitated by successive increases of 0.4 molarity of 
phosphate precipitant from 0.8 to 2.4 molarity. 
From 2.4 to 3.0 molar concentration, the protein 
fractions were separated by successive increases 
of 0.2 molarity. 

Because of technical difficulty in obtaining clear 
supernatant fluids after centrifugation of the pro- 
tein precipitates uath the 0.8 and 1.2 molar 
phosphate solutions, we do not feel justified in 
drawing any conclusions concerning anj' existing 
differences in the amounts of protein salted out 
by these concentrations of precipitant. From 1.2 
to 3.0 molar concentration of phosphate precipi- 
tant, the supernatant fluids were alwa}'s clear and 
subject to accurate anatysis. It appears that some 
of the fraction termed albumin b}' Howe is pres- 
ent in the precipitate below 2.0 molar phosphate 
solution, since the summation of the protein incre- 
ments predpitated below this level is greater than 
the total globulin value obtained by the Na 2 S 04 
method. Also, from the nature of the predpita- 
tion curx'es (1), it would appear that some of the 
fraction termed globulin may be in solution above 
2.0 molar concentration. Thus it may be repeated 
that, in r^orting these increments of protein pre- 
cipitated by the phosphate or Na^SO^ predpitants. 


TABLE III 


Effect of age and maturity on precipitation pattern of serum proteins 



Grams of protein predpitated per 100 cc. 

Molar concentration of 
phosphate precipitant 

0.8 1. 

2 1. 

6 2. 

0 2 

.4 2 

.6 2. 

.8 3 

.0 

Kornial children 
(10 cMIdren) 

0.12i0.06 

0.30±0.13 

1.11^:0.22 

lJX=b0.19 

1.16=y).25 

0.88 ±0.1 7 

1.68±0.43 ; 

0.71 ±008 

Premature infants 
(17 infants) 

Ages; 1 to 68 days 

0.05zfc0.07 

O.lOiO.lS 

0.S3=fcO.23» 

0.8Sdi0.09* 

0.83=0.16* 

0.59 ±0.13* 

0.89 ±0.17* i 

1 

1 

0.49 ±0,1 8 

Full-term newborn infants 
(17 infants) 

0.06=h0.12 

0.20iK).l0 

0.6Si0.17* 

0.99i0.17* 

0.99=0.19 

0.66:±0.12» 

O.S7=iOJ24* 

0.50±0.18 

' Older infants 

(16 infants) 

Ages: 2 to ll mos. 

O.O2=b0.0S» 

0.06 =0.07* 

0.52db0.09* 

I.18iO.X6 

1.46 ±0.20* 

1.02 ±0.16* 

lagdzOJi 

0O2±0.12* 

Mothers of premature 
infants 
(6 mothers) 


0.26 ±0.08 

1.03i0,17 

lJ8i0.30 

1.15 ±0.10 

0.94 ±0.17 

103 ±0.18 

0.45±0.41 


* Significant difference from value for normal children (Fisher’s "t" test). 
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we are not implying chemical specificity for the 
fractions. However, we feel that the fractions in 
a sense may be designated as entities for purposes 
of comparison because of their reproducibility. 

In the present state of our knowledge, there ap- 
pear to be at least 4 electrochemical protein com- 
pinents in the serum protein complex, vk., 
gamma, beta, and alpha globulin and albumin, 
named in order of increasing mobility in the elec- 
trophoretic cell (12, 13). While the globulin 
fractions obtained by the Howe method have been 
correlated with the globulins identified by elec- 
trophoretic analysis (14), we have no data com- 
paring the fractions obtained by the phosphate 
precipitation to electrophoretic fractions. How- 
ever, there is evidence to suggest that the protein 
with the lowest mobility (gamma globulin) is 
salted out by the lowest concentration of precipi- 
tant, and that with increasing concentration of 
precipitant, the proteins of increasing electro- 
phoretic mobility are salted out progressively (14, 
15, 16). 

From Table III, it is apparent that the values 
for each of the protein fractions precipitated by 
concentrations of phosphate precipitant from 1.2 
to 2.8 molar are significantly low in the prema- 
ture infant. Similar low values are encountered 
in the full-term newborn infant, except that the 
protein fraction precipitating between 2.0 and 2.4 
molar concentration is not significantly low. In 
the older infant, the low values are only in the 
range below 1.6 molar concentration. At the 
iiigher concentrations of phosphate precipitant, 
from 2,0 to 3.0 molar concentration, the changes 
in the amounts of protein precipitated exhibit no 
constant trend, 2 of the fractions being high and 
2, low in value. The reason for these variations 
is not apparent, but it is possible that the varying 
proportions of albumin to globulin with increas- 
ing age may in some way be responsible for these 
alterations in precipitation pattern. 

Even though there is a progressive increase in 
total globulin witii incrcasin^\niaturity (Tables II 
and III), it is apparent that the protein fraction 
precipitated below 1,6 molar phospliate is lowered 
throughout the entire period oninfancy, having 
the same value in the older infant\as in tlie pre- 
mature. This fraction has been said to be chiefiy 
the cuglobulin fraction (1, 2). The rise in total 
globulin occurring with increasing maturity of the 


infant is reflected, at least in part, in the progres- 
sive increase in value of the fraction precipitated 
between 1.6 and 2.0 molar phosphate. Since it 
seems that the globulins with the lowest electro- 
phoretic mobility are salted out first, it is likely 
that the serum protein fraction precipitated be- 
low 1.6 molarity is chiefly gamma globulin, the 
fraction which has been shown to contain many 
immune bodies. One is tempted to correlate the 
low concentration of this fraction in the infant 
with his well-known poor immune responses (17). 

There is no apparent difference in the protein 
fractions of the older normal child and the adult 
woman, as is obvious from the values obtained for 
the 6 mothers of premature infants. 

II. CHILDREN WITH GLOMERULONEPHRITIS 

The plasmas and serums of a group of children 
in different stages of glomerulonephritis were ex- 
amined and the results are summarized in Tables 
IV and V. In Table IV, the values for the pro- 


TABLE IV 

Serum proteins in nephritis as grams per 100 cc. 



Fibrin 

Total 

serum 

protein 

1.5 Molar Na,S0i 
precipitant 

Insolublot 

Soluble t 

Norma! children 
<10 children) 

0.28±0.01 

7.30dt0.59 

2.4±0.74 

5.0±0.7S 

Nephritis: 
active etasc 
(20 children) 

0.42±0.ir 

7.01±0.85 

2.8±0.95 

4.24±0.07 

Nephritis: 
chronic staso 
<4 children) 

0.43±0.20* 

S.03±0.94 

].28±0,20‘ 

3.7S±0,83’ 

Nephritis: 
healed stage 
(7 children) 

0.24±0.00 

7.11±0.25 

1.73±0.42 

5.39d:0.3S 


* Significant difference from value for normal children 
(Fisher's “t" test). 

t The fraction in grams per 100 cc. of serum protein 
precipitated by 1.5 Molar NajSOi is commonly referred to 
as globulin, the amount of serum protein remaining m 
solution, as albumin. 

tcin fractions usually termed fibrin, albumin, and 
globulin are tabulated. The normal reference 
values are again the group of 10 healthy children, 
aged 6 to 10 years. In the active stage of acute 
glomerulonephritis, there is an increase in blood 
fibrin which returns to normal with healing. ^ 
patients in the chronic stage of glomerulonephritis, 
this elevation of fibrin persists. The total scriini 
protein is reduced during the active stage of acute 
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TABLE V 

Prectpilalior. pattern of serum proteins in nephritis 



Grams of protein precipitated per 100 cc. 

Molar conctntratjon of 
phosphate predpitant 

i 

i 0. 

S I. 

2 1. 

.6 2, 

0 2. 

4 2. 

6 Z.S 3 . 

,0 

Noma! chlM.Tn 
(10 children) 

0.12^:0.06 

0.30db0.13 

i.iiioaz 

1.21=i:0.19 

1.16±0a5 

0.ES=i:0-17 

1.6S=fc0.43 

OJ1±0:2S 

Nephritis: 
active stape 
(20 children) 

0.12±0.12 

0.29=1:0.19 

1S7±0.42» 

ia3±ojo 

lJ5=bOJ6 

0S0±0.32 

o.9s±oao» 

0.45=lri).21* 

Nephritis: 
chronic stafc 
(4 children) 

0.04i0.09 

O.IliO.09* 

0.65 ±0.16* 

ias±0J4 

0.94i0.2S 

o.74±o:i7 

0£2±0 J23* 

os 2 ±oai* 

Nephritis: 
healed sta?c 
(7 children) 

0.03 i0.07 

! 

1 

OJZ0:i:O.O7 ' 

1.02 ±0.17 

1.23:=0.15 

1. A3 ±0.15 


0.S2±0.03 


• Significant difTerencc from value for normal children (Fisher’s “t” test). 


glomerulonephritis, the reduction being caused by 
a lowering of the sodium sulphate albumin frac- 
tion. These reductions were not statistically sig- 
nificant. In the chronic stage of glomerulonephri- 
tis, there is a persistently significant reduction in 
both the sodium sulphate globulin and albumin 
fractions. 

Table V summarizes the values obtained with 
the phosphate precipitant. The protein fraction 
precipitating below 1.6 molar phosphate is sig- 
nificantly increased in amount in patients in the 
acute stage of glomerulonephritis. This signifi- 
cant increase in a sub-fraction of the total globuh'n 
(probably gamma globidin) is obscured on deter- 
mination of the total globulin by the Howe method 
(Table IV). With healing, this fraction assumes 
its normal value. In contrast to the acute ne- 
phritic, the patients in the chronic stage of glo- 
merulonephritis have a reduction in this fraction. 
This is in keeping with the observation of Kendall 
(18) who has demonstrated, by an immunological 
method, a decrease in a globulin fraction in 
chronic nephritis. The decrease in the protein 
fractions precipitated from 2.6 to 3.0 molar con- 
centration, in both the acute and chronic nephritic, 
corresponds to a decrease in what Butler et al. 
term Albumin II (2). The finding of this de- 
crease is especially interesting in the active stage 
of acute nephritis where it is not apparent when 
total albumin is determined alone. In the patients 
with chronic nephritis, the reduction in the frac- 
tions precipitated between 2.6 and 3.0 molar con- 
centration accounts for the total reduction in the 
albumin fraction as determined bj' the Howe 
method. 


As criteria of healing in glomerulonephritis, we 
have utilized the blood sedimentation rate and the 
Addis count. In another publication (19), we 
have pointed out that the blood sedimentation rate 
is usually rapid as long as actiHt^' of the nephritis 
continues, and becomes normal as the process 
heals. Ham and Curtis (20) have pointed out a 
direct correlation between the rapidity of blood 
sedimentation and the plasma fibrin level. Our 
data would seem to confirm this observation. In 
the patient m'th acute glomerulonephritis, the 
plasma fibrin is increased, as is the sedimentation 
rate, both returm’ng to normal with healing. Fur- 
thermore, in chronic nephritis, there is a sus- 
tained increase in both plasma fibrin and blood 
sedimentation rate. This correlation is pointed 
out -with the usual reservation that a positive cor- 
relation does not necessarily imply cause and 
effect. It has been stated also that an elevation 
of the serum globulin was correlated with a rapid 
blood sedimentation rate (20). This is not in 
keeping with our data. Since, while the patient 
with active acute glomerulonephritis had an ele- 
vated globulin at a time when his blood sedimenta- 
tion was rapid, the chronic nephritic showed the 
reverse relationship, viz., a lowered total globulin 
and a rapid blood sedimentation rate. 

We have alread}’ suggested that the protein 
fraction precipitated below 1.6 molar phosphate is 
probably largely so-called gamma globulin and a 
carrier of antibodies. The increase in amount of 
this fraction in the acute stage of glomerulone- 
phritis may be correlated with an increase in the 
antistreptolysin titer found during the acute phase 
of this disease (21), and the return of this frac- 
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we are not implying chemical specificity for the 
fractions. However, we feel that the fractions in 
a sense may be designated as entities for purposes 
of comparison because of their reproducibility. 

In the present state of our knowledge, there ap- 
pear to be at least 4 electrochemical protein com- 
ptnents in the serum protein complex, vis., 
gamma, beta, and alpha globulin and albumin, 
named in order of increasing mobility in the elec- 
trophoretic cell (12, 13). While the globulin 
fractions obtained by the Howe method have been 
correlated with the globulins identified by elec- 
trophoretic analysis (14), we have no data com- 
paring the fractions obtained by the phosphate 
precipitation to electrophoretic fractions. How- 
ever, there is evidence to suggest that the protein 
with the lowest mobility (gamma globulin) is 
salted out by the lowest concentration of precipi- 
tant, and that with increasing concentration of 
precipitant, the proteins of increasing electro- 
phoretic mobility are salted out progressively (14, 
15, 16). 

From Table III, it is apparent that the values 
for each of the protein fractions precipitated by 
concentrations of phosphate precipitant from 1.2 
to 2.8 molar are significantly low in the prema- 
ture infant. Similar low values are encountered 
in the full-term newborn infant, except that the 
protein fraction precipitating between 2.0 and 2.4 
molar concentration is not significantly low. In 
the older infant, the low values are gnly in the 
range below 1.6 molar concentration. At the 
higher concentrations of phosphate precipitant, 
from 2.0 to 3.0 molar concentration, the changes 
in the amounts of protein precipitated exhibit no 
constant trend, 2 of the fractions being high and 
2, low in value. The reason for these variations 
is not apparent, but it is possible that the varying 
proportions of albumin to globulin with increas- 
ing age may in some way be responsible for these 
alterations in precipitation pattern. 

Even though there is a progressive increase in 
total globulin with increasing maturity (Tables II 
and III), it is apparent that the protein fraction 
precipitated below 1.6 molar phosphate is lowered 
throughout the entire period of infancy, having 
the same value in the older infant as in the pre- 
mature. This fraction has been said to be chiefly 
the cuglobulin fraction (1, 2). The rise in total 
globulin occurring with increasing maturity of the 


infant is reflected, at least in part, in the progres- 
sive increase in value of the fraction precipitated 
between 1.6 and 2.0 molar phosphate. Since it 
seems that the globulins with the lowest electro- 
phoretic mobility are salted out first, it is likely 
that the serum protein fraction precipitated be- 
low 1.6 molarity is chiefly gamma globulin, the 
fraction which has been shown to contain many 
immune bodies. One is tempted to correlate the 
low concentration of this fraction in the infant 
with his well-known poor immune responses (17). 

There is no apparent difference in the protein 
fractions of the older normal child and the adult 
woman, as is obvious from the values obtained for 
the 6 mothers of premature infants. 


II. CHILDREN WITH GLOMERULONEPHRITIS 

The plasmas and serums of a group of children 
in different stages of glomerulonephritis were ex- 
amined and the results are summarized in Tables 
IV and V. In Table IV, the values for the pro- 


TABLE IV 


Sermi proteins in nephritis as grants per 100 cc. 



Fibrin 

Total 

scrum 

protein 

1.5 Molar Na:S0i 
precipitant 

Insolublot 

Soluble! 

Normal children 
(10 children) 

0.28dk0.04 

7.30±0.50 

2.4±0.74 

5.0±0.78 

Nephritis: 
active Btaijc 
(20 children) 

0.42±0.U* 

7.W±0.85 

2.8±0.95 

4.24±0.07 

Nephritis: 
chronic staKO 
(4 children) 

0.43±0.20* 

5.03db0.94 

1 

1.2S±0.20» 

3.73±0.S3* 

Nephritis: 
healed stage 
(7 children) 

0.24±0.0(> 

1 

7.11=fc0.25 

i 

1.73±0.42 

5.39A0.3S 


* Significant difference from value for normal children 
(Fisli 0 r*s test). 

t The fraction in grams per 100 cc. of scrum 
precipitated by 1.5 Molar Na:S 04 is comnaonly referred t 
as globulin, the amount of serum protein remaining m 
solution, as albumin. 


tein fractions usually termed fibrin, albumin, and 
globulin are tabulated. The normal reference 
values are again the group of 10 healthy children, 
aged 6 to 10 years. In the active stage of acute 
glomerulonephritis, there is an increase in blood 
fibrin which returns to normal with healing. ^ Ip 
patients in the chronic stage of glomeruloncphriti-s, 
this elevation of fibrin persists. The total serum 
protein is reduced during the active stage of acute 
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table V 

pattern of scrum proteins in nephntts 



Kcphritisi 
healed stacc 
(7 chUdrca) 


v< CIIUUJCU/ I I I 

lit 

glomerulonephritis, the reduction 
a lowering of the sodium snip mte a ^ ^ _ 


ICi a *• 

^ L As criteria of healing in glomerulonephritis we 

,,„™n,,o„ephri.is t,.c ,ave uflized .he blood f 


e Uluuta ^ ^ /1Q*\ 

1 lowerine ot tne sooium su.t-w . A/Jdis count. In another publication ( > 

— .e veloes oblaloed ,^b 

predpiafing hSotv 1.6 molar PtP^t*”* ' Jhc padent tvith 

^ficantly increased in amount m patten » m t h^g Fur- 

acute stage of glomerulonephntis. ™ Le both returning to norm^ wth healing, ru 

cant increase in a ®''J’‘^'^?^°y2scured on deter- thermore, in ^hjonic nephnris, ^t^ere 
(probably p-- g'^l^ulrSowe method 


(probably gamma gloouiin; 

mination of the total globulin by the Ho 

(Table IV). With healing, this fractio 

its normal value. In contrast to 

phritic, the patients in the chronic ^ 

memlonephritis have a reduction m 


S°incrise in both plasma fibrin and blood 
mtphnn rate. This correlation is pointed 
Tut with the usual reservation that a positive cor- 
relation does not necessarily imply cause and 
eSS: It has been stated also^that an elevation 


phritic, the patients m me —o 7 ^gect. It has oeeu 

Lndonephritis have a reductmn m ^ globulin rvas 

This is in keening with the observation _ Wood sedimentation rate (20) . , a.- f 

(S X to demonstrated, by an immunologtod Since, while the pauent 

2od a decrease in a globulin rachon ™ SlHetive acute glomendonephnP^ 

chronic nephritis. The decrease m the protein ^ gjs t ood s^dimenta 

trns jmdptoed from 2.6 to 3.0 molm con- toed^^ TmSl°gbWin 

centration, in both the acute and „verse relationship, ms, a lowered toBl globul 

corresponds to a decrease in wha^t Butter h ^ sodimentttton rate, 

term Albumin II (2). The finding »' ‘f * y/e have already suggested tt^a proto 

crease is especially interesting m tite act ve stge ocipiated below 1.6 to a 

ol acute nejhtitis where it is no. aPP““^“ p„bubly largely so-calkd 0 “ 

toal albumin is determined alone. In P"“‘* ^,rfor of antibodies. The mcrease 

with chronic nephritis, the reduction m the free o( glomerulo 

tions precipitated between 2.6 and . J^r ^ phritis may be correlated wuth an . 

centriion accounts for the tub*' Ltistrep.olysin titer found f . 
albumin Iraction as determined by the Howe of tins frac, 

method. 
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tion to a normal level with healing of the disease 
coincides with the fall in antistreptolysin titer oc- 
curring during recovery. It is also pertinent that 
the chronic nephritic, in the absence of active in- 
fection, exhibits a decrease in this fraction and 
does not have a very high antistreptolysin titer 
( 22 ). 

III. CHILDREN WITH NEPHROSIS 

The plasmas and serums of 11 children with the 
nephrotic syndrome were examined 2 or more 
times during periods when they were in an active 
phase of their disease, as evidenced by edema, 

TABLE VI 


Serum proteins in nephrosis as grams per 100 cc. 



Fibrin 

Total 
serum 
protein j 

1.5 Molar Na-SOi 
precipitant 

Insolublef 

Solublet 

Normal children 
(10 children) 

0.28±0.M 

7.30±0.59 

2.40±0.74 

5.0±0.78 

NephroBis: 
active Btago 
(11 children) 
Observed in 26 
active periods 

0.65±0.17* 

3.88±0.77* 

2.70±0.70 

1.19±0.88’ 

Nephrosis: 
inactive stage 
(0 children) 

0.67±0.30* 

6.89±1.30* 

2.23±0.29 

3,S2±1.54» 


♦Significant difference from value for normal children 
(Fisher's “t” test). 

t The fraction in grams per 100 cc. of serum protein 
precipitated by 1.5 Molar NajSO^ is commonly referred to 
as globulin, the amount of serum protein remaining in 
solution, as albumin. 

massive albuminuria, and hypercholesterolemia. 
Fractionation by the Howe technic (Table VI) 
shows the well-known changes of this disease: 
normal or slightly elevated sodium sulphate globu- 
lin values, low sodium sulphate albumin values. 


Six of these children were re-examined during an 
inactive phase, when they had been free from 
edema and apparently “clinically well” for a 3- 
month period. It is apparent that the fibrinogen 
value was still elevated, perhaps related to the 
still rapid sedimentation rate. Similarly, evidence 
of incomplete recovery was also apparent from 
the reduced serum albumin. 

In the fractions obtained by the phosphate pre- 
cipitation (Table VII), the striking finding is the 
reduction in the globulin fraction precipitated be- 
tween 1.2 and 1.6 molar concentrations, which be- 
came normal when the disease was apparently in- 
active clinically (Table VIII). 

This reduction is similar to the lowered value 
found in chronic nephritis. However, there is 
this difference ; in the chronic glomerulonephritic, 
the total globulin value by Na^SO^ precipitation 
is low, while in the nephrotic the total globulin 
value by the same method is normal. One may 
thus interpret this finding as an indication that in 
both diseases there is a change in a specific globu- 
lin moiety (gamma globulin). 

Since 'the total sodium sulphate globulin value 
for the active nephrotic is normal or slightly ele- 
vated (2.7 grams per 100 cc. of serum) and since 
all the proteins, precipitating from 1.6 molar phos- 
phate concentration and below, total only 0.87 
grams, a large part of the globulin (1.83 grams) 
appears to reside in the fraction precipitating be- 
tween 1.6 and 2.0 molarity and in fractions above 
this concentration of phosphate precipitant. 

This apparent altered dispersion of the globulin 
fractions, obtained by phosphate precipitation in 
the nephrotic patient, was. subjected to further 
study. Because of the well-known elevated lipoid 


TABLE VII 


Precipitation pattern of serum proteins in nephrosis 



Grams of protein precipitated per 100 cc. 

Molnr concentration of 
phosphate precipitant 

0 

,8 1, 

.2 1 

.6 2 

.0 2 

.4 2 

.6 2 

.8 ^ 

.0 

Normal children 
(10 children) 

0.12 ±0.06 

0.30 ±0.1 3 

1.11 ±0.22 

1.21 ±0.19 

1.16 ±0.25 

0.88±0.17 

1.68 ±0.43 

0.71 ±0.28 

Nephrosis: 
active stage 
(11 children) 

26 periods of observation 

0.23 ±0.1 6 

0.20±0.14 

0.44 ±0.20* 

1.43 ±0.46 

1.00 ±0.40 

0.23 ±0.13* 

0.15±0.17* 

0.03 ±0.01* 

Nephrosis: 
inactive stage 
(6 children) 

0.23 ±0.22 

0.19 ±0.06 

1.25 ±0.23 

1.50±0.19* 

1.04 ±0.07 

0.62 ±0.33 

0.65 ±0.47* 

i 

0,42±0.14 


* Significniit difference from value for normal children (Fisher’s "t" test). 
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TABLE VHI 


Changes in scrum and plasma prolein fraclions, in grams per 100 cc., of a patient during subsidence of nephrotic syndrome 


Date 

Clinical condition 
of patient 

Fibrin 

Total 

serum 

pro- 

tein 

\JS Molar 
NajSOi 
I)redpitant 

Precipitated by increasine concentrations of 
phosphate precipitant 



In- 

soluble 

Soluble 

0101 . 2 ! 

Molar 

1.2 to 
1.0 

1 

1.6 to i 
2.0 

2.0 to 
2.4 

2.4 to 
2.6 

2.6 to 
2.8 , 

2.8 to 
3.0 

February 3, 1939 

Edematous 
(clinically active) 

0.87 

4.28 

3.91 

0.37 

0.17 

0.36 

2.05 

0.98 



February 6, 1939 

Edematous 
(clinically active) 

0.78 

4.47 

4.08 

0.39 

0.46 

0.38 

2.05 

1.42 

i 



February 21, 1939 

Edema almost 
gone 

0.5S 

5.70 

m 

1.13 

0.54 

0.89 

2.17 

1.14 



March 27, 1939 

No edema 
(clinically inactive) 

0.42 

6.63 

2.19 

4.46 

0.56 

1.08 

1.56 

1.08 

0.74 

i.ii 

0.44 

April 12, 1939 

No edema _ 
(clinically inactive) 



1.92 

5.24 

0.37 



0.97 

1 0.91 

1 

1.11 

0.64 


content of the plasma of nephrotic indi\nduals, 
the effect of removal of serum and plasma fat on 
the globulin dispersion pattern was investigated. 

Samples of plasma and serum of 7 nephrotic pa- 
tients were obtained during an active stage of the 
disease and divided into 2 aliquots. One serum 
and plasma aliquot was subjected to the analytic 
procedures described before. The second aliquot 
was shaken with 2 volumes of ether, allowed to 
stand, and the supernatant ether transferred to 
weighing bottles. This extraction was done 7 
times with each sample. After the last extraction, 
the residual ether was allowed to evaporate at 
room temperature, under a gentle stream of air. 
The residual serum sample was thus brought back 
to its original volume.^ Following the removal of 
fat, the serum was subjected to the same analyti- 
cal procedures as its non-ether extracted aliquot. 

Table IX contains the data showing the effect 
of the removal of fat on the protein dispersion. 
It will be noted that in all but one instance, the 
values for the protein fractions precipitating at 1.6 
molar concentration and below are increased sig- 
nificantly, following the removal of fat. Gjn- 

^ There is little difficulty in the ether extraction of fat 
from the serum of normal children or premature infants. 
However, fatty nephrotic sera, when ether extracted, are 
likely to form an emulsion of much greater volume than 
the original serum. These emulsions may be resolved by 
partial evaporation of the ether and then allow'ing the 
sample to stand in the ice-box overnight The residual 
supernatant ether which separates out is very fatty. 


versel3', the fractions precipitating at 2.0 molar 
concentration were usually reduced. 

In order further to determine whether h3q)er- 
lipemia was responsible for the peculiarities of 
precipitation in the nephrotic patient, the sera of 
premature infants, who also have a low 1.6 pro- 
tein fraction, were similarly studied. Ether ex- 
traction of 3 serum samples resulted in no sig- 
m'ficant alteration. It is pertinent that the amount 
of fat obtained by ether extraction of the prema- 
ture infant’s serum was much lower than that of 
the nephrotic child’s. The fat removed from the 
premature infant’s serum varied from 0.1 to 0.21 
gram per 100 cc., while the nephrotic serum sam- 
ples yielded from 0.77 to 2.04 grams. The h3q)er- 
lipemic plasma of a child with cretinism 3delding 
0.612 grams of fat per 100 cc. with ether extrac- 
tion w'as also studied. Following ether extrac- 
tion, the protein precipitation pattern changed in 
the same directions as that of the nephrotic pa- 
tient, the 1.6 protein fraction increasing signifi- 
cantfy. Fat extraction of a recovered nephritic 
patient’s serum produced no change in the con- 
centration of the 1.6 fraction. This patient’s 
serum 3delded a relatively small amount of fat 
(0.23 gram). Similar treatment of a sample of 
pooled adult serum resulted in no change in pre- 
cipitation, again with a small fat 3’ield. 

From these considerations, it appears that an 
increased amount of plasma or serum fat alters 
the precipitation pattern of the proteins with the 
phosphate precipitant. Thus, h3'perlipemia in the 
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TABLE IX 


Effect of removal of fat by cold ether extraction on precipitation of protein fractions {grams per 100 cc) of 

nephrotic plasmas and serums 


Subject 

Condition of serum 

Grams per 100 cc. of serum protein precipitated by 
phosphate precipitant of increasing molar strength 

Fibrin 

Total 

1 .5 Molar NasSOt 
precipitant 

and plasma 

1.6 

Molar 

2.0 

Molar 

2.4 

Molar 

2.6 

Molar 

2.8 

Molar 

3.0 

Molar 

protein 

In- 1 
soluble! 

Solublet 

N.B. 

Untreated 

0.61 

1.66 

1.40 

0.34 

0.00 

0.01 

0.74 

4.53 

2.19 

2.44 

Ether extracted 

1.41 

1.16 

1.14 

0.15 

1 

0.39 


0.74 

4.74* 

2.76 

1.98 

N.^ 

Untreated 

0.64 

1.79 

1.21 

0.57 

0.72 


0.50 

5.49 

2.09 

3.40 

Ether extracted 

1.41 

1.28 

1.16 

0.71 

0.81 


0.50 

6.30* 

2.74 ' 

3.56 

D.B. 

Untreated 

0.33 

0.94 

0.54 

1 0.11 

i 

0.05 



2.31 

1.90 

0.41 

Ether extracted 

0.45 

0.92 

0.46 

0.12 

0.00 



2.29 

1 

1.91 

0.37 

J.B. 

Untreated 

0.81 

1.42 





0.65 

3.53 

2.65 

0.88 

Ether extracted 

1.33 

1.13 





0.65 

i 

3.57 

2.72 

0.85 

S.K. 

Untreated 

0.78 

1.77 

0.87 

0.06 

0.07 

0.00 

0.75 

3.59 

3.08 ' 

0.51 

Ether extracted 

1.26 

1.31 

0.80 

0.14 

0.06 


0.75 

3.60 

2.93 

0.67 

T \K1 

Untreated 

0.61 

1.77 




1 

0.74 

.4.68 

2.20 

2.47 

i-». W . 

Ether extracted 

2.82 






0.74 

4.72 




Untreated 

0.66 

1.58 





0.48 

3.95 

2.08 

1.87 

V. JJ. 

Ether extracted 

0.99 




1 

1 


0.48 

3.80 


1 


t The fraction in grams per 100 cc. of serum protein precipitated by 1.5 Molar Na 2 S 04 is commonly referred to 
as globulin, the amount of serum protein remaining in solution, as albumin. 

The apparent increase in total serum protein concentration following ether extraction of these 2 serums was due 
to evaporation of water from the serums during the evaporation of ether. However, these changes do not alter the 
significance of the changes in the fractions precipitated by 1.6 and 2.0 molar phosphate precipitant. 


nephrotic appears to have some causal relationship 
to the low protein values at 1.6 (and lower) molar 
concentrations of precipitant. An increase in 
serum fat apparently changes the dispersion of 
globulins, causing them to be precipitated in the 
range in which the albumins begin to precipitate. 

An experiment performed on a normal 8-year- 
old girl would seem to lend support to this state- 
ment. The serum of this child was fractionated 
following an IS-hour fast. As is apparent from 
Table X, ether extraction of this serum yielded 
230 mgm. of fat per 100 cc. of serum and resulted 
in no apparent change in the 1.6 and 2.0 frac- 
tions. A serum sample taken from the same child, 
2 hours after a high fat meal, yielded 530 mgm. of 
fat on extraction with ether. Following ether ex- 
traction, there were shifts in the 1.6 and 2.0 frac- 
tions, similar to those encountered in the nephrotic 
patient. 


Obviously, the low 1.6 protein fraction in the 
premature infant, the full-term newborn infant, 
and the normal older infant are not dependent 

TABLE X 


Effect of increased blood fat on the precipitation pattern of 
serum proteins with phosphate precipitant 


! 

1 

Amount of 
fat removed 
by ether 
extraction 

Grama per 100 cc. of 
protein precipitated by 
phosphate precipitant 



mcon. per 
100 cc. 

1.2 to 1.0 
Molar 

1.6 to 2.0 
Molar 

C.L. 

Scrum from 
normal patient 
nftcr 18 hour 
fast 

Untreated 

Ecnim 


1.05 

I.OO 

Same serum_ 
extracted with 
cold ether 

230 

1.02 

0,90 

C.L. 

Scrum from 
same patient 

2 hours after 
hijh fat meal 

' Untreated 

scrum 

1 

0.51 

1.32 

Same terum 
extracted with 
cold ether 

530 

132 

1.03 
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upon this mcchanisin, but represent real low 
values, which reflect the low value for total 
globulin in these subjects. 

Analysis of nephrotic serum by electrophore- 
sis by Longsworth and Macinnes (23), and 
Luetsdier (24) showed a reduction in gamma 
globulin and high values for alpha and beta 
globulins. Our analytical data with phosphate 
precipitation of nephrotic sera would seem to fit 
in with these findings, in that the 1.6 fraction is 
below the normal ralue and the 2,0 fraction tends 
to be above normal. Following extraction of 
serum fat \n'th ether, Longsworth and Macinnes 
found a reduction in botli alpha and beta globulin 
fractions, with no change in concentration of 
gamma globulin. This is not in keeping with our 
findings, in that an increase in the 1.6 fraction 
(gamma globulin) accompanied the decrease in 
the 2.0 fraction after removal of serum fat with 
ether. Longsworth and Macinnes regard the de- 
crease in alpha and beta globulins as being due to 
refractometric changes resulting from the removal 
of fat with a refractive index similar to that of the 
serum globulins. Obviously, this explanation does 
not hold for our data, in that actual changes in 
nitrogen content of the fractions precipitated were 
measured. We are inclined to believe that an al- 
tered distribution of globulins occurs in the ne- 
phrotic patient. 

Longcope (21) has noted that the antistrepto- 
lysin titer of nephrotic patients was usually low; 
Earle and his co-workers (22) have observed 
that the basal antistreptolysin titer of the patient 
with chronic nephritis falls to a lower level with 
the onset of a nephrotic stage, returning to a nor- 
mal titer with the subsidence of edema. It is pos- 
sible that the elevated blood fat of the nephrotic, 
through an altered distribution of globulins, may 
have some bearing on these lowered antistrepto- 
lysin values. 

While all the protein fractions at the albumin 
end of the phosphate precipitation have lowered 
values in the nephrotic patient during the active 
stage of his disease, the reduction is more marked 
in the protein fractions precipitating between 2.6 
and 3.0 molar concentration of precipitant, the so- 
called Albumin II. In the inactive stage of the 
disease, the values for the albumin fractions tend 
to return toward normal levels. It is apparent 
that these inactive patients are still abnormal. 


since the total albumin as measured by the Howe 
method ivas still reduced. Our data suggest the 
possibility of the existence of a labile albumin 
component, which fluctuates in concentration with 
the clinical state of the nephrotic patient, being 
low during the edematous stages and rising with 
the disappearance of edema (Table VIII). A 
similar change of lesser degree is to be noted in 
the patient with acute nephriris. There is evi- 
dence available to show that serum albumin is 
composed of more than one moiety. Hewitt (25) 
was able to isolate rivo albumins of different 
chemical composition. Luetscher (24) found, by 
electrophoretic analysis, that there was compara- 
tively greater reduction of one component of the 
albumin complex in the serum of the nephrotic 
patient. It is interesting too, that Bourdillon 
(26) found that the urine and plasma albumins of 
nephrotic patients had different molecular weights, 
an observation confirmed by Longsworth and 
Macinnes (23). It is possible that this urinary 
albumin of low molecular weight may correspond 
to the labile serum albumin fraction (Albumin II), 
so strikingly reduced in the nephrotic patient 

Fat extraction of nephrotic serum did not pro- 
duce significant changes in the albumin fractions 
precipitated with the phosphate precipitant. 

SUMMARY 

I. The serum and plasma protein fractions, 
separated by sodium sulphate and phosphate pre- 
cipitants, were studied in premature infants, full- 
term newborn infants, older infants, and j'oung 
children. Blood fibrin was also determined. 

(a) The blood fibrin levels were found to be 
constant at all ages, and equal to adult values. 

(b) The total serum protein values rise with 
increasing maturity. Both the albumin and globu- 
lin fractions are involved in the increase, but there 
is a proportionately greater increase in the globu- 
lin fraction. 

(c) Throughout all of infanej^ there is a re- 
duction in certain of the globulin fractions (prob- 
ably gamma globulin). 

II. The serum and plasma protein^ fractions 
were determined in children during the different 
clinical phases of glomerulonephritis. 

(a) Plasma fibrin was elevated during the 
acute stage of the disease and returned to normal 
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with healing. In the chronic phase of the disease, 
there is persistent elevation of the fibrin. 

(b) In acute glomerulonephritis, there is a 
slight lowering of serum albumin. In the chronic 
stage of the disease, both serum albumin and 
globulin are reduced. 

(c) In acute glomerulonephritis, there is an in- 
crease in a globulin subfraction (gamma globulin), 
whicj;.- returns to its normal level with healing. 
*rhis globulin subfraction is reduced in value in 
chronic nephritis. 

(d) The relationships between the changes in 
plasma protein fractions and the alterations in 
rate of blood sedimentation in glomerulonephritis 
are discussed. 

III. The serum and plasma protein fractions 
were determined during the different clinical 
stages of lipoid nephrosis. 

(a) Plasma fibrin was elevated during the ac- 
tive phase of the disease. 

(b) During the active phase of the disease, the 
well-known reductions in total protein and serum 
albumin, and the normal or slightly elevated 
serum globulin, were encountered. 

(c) A reduction in the globulin fraction, pre- 
sumed to be gamma globulin, was found during 
the active disease, returning to a normal value 
with the subsidence of the acute edematous stage. 
This reduction in the globulin fraction is not of 
the same nature as that found in young infants. 
Evidence is presented indicating that the low 
value for this globulin fraction in the nephrotic, 
in a large measure results from an altered disper- 
sion of the globulins, caused by the hyperlipemia 
of nephrosis. Other conditions in which hyper- 
lipemia was present showed similar changes in 
globulin dispersion. 

(d) The reduction of total serum albumin in 
the nephrotic and in the nephritic patient is 
largely due to a decrease in a labile subfraction of 
tlie albumin. 

We wish to c.xpress our thanks to Dr. Allan M. Butler 
for his helpful criticisms and valuable suggestions during 
the writing of this report 
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The effect of certain metals (Zn, Co, Ni, Cu, 
AI, Fe, etc.) and tannin, in prolonging the action 
of various substances injected subcutaneously 
into animals, has been demonstrated bj' many 
workers. Perhaps the first obser\’ations in this 
direction were made by Bertrand and I^Iache- 
boeuf (1) in 1926. They found that the addition 
of small quantities of Co and Ni salts increased 
and prolonged the effect of insulin. Extensive 
work in this field began after 1934. The possi- 
bility of prolonging the effect of pituitarj' gonado- 
tropic hormone (2), insulin (3), tlie antidiuretic, 
principle of the posterior lobe pituitary'' extracts 
(4), histamine (4.a), epinephrine (5), and mor- 
phine (6) has been repeatedly shown in rarious 
animal experiments. 

Notwithstanding the clinical success obtained 
by prolonging the action of insulin (7) and pos- 
terior pituitary extract (8), little work has been 
done in this important field with regard to other 
medicines, employed subcutaneously in man. The 
object of this paper is to show that by the addition 
of Zn, it is possible to prolong in man the activity 
of various substances, which greatly differ both in 
chemical composition and pharmacological action. 

METHODS AND MATERIAL 

The drugs employed in the following experiments were : 
Posterior lobe pituitary extract,- epinephrine, ^ and thia- 
mine.'* Posterior pituitary extract was chosen partly be- 
cause of the encouraging results attained by its com- 
bination with Zn in animal experiments, and partly be- 
cause we had the opportunity to observe, in a com- 
paratively short period, a number of diabetes insipidus 
cases. A preliminary report on the therapeutic use of 
posterior pituitaiy extract with Zn was published by us 
recently (8.e). The choice of epinephrine was made be- 
cause of the contrast between the good results obtained in 
rabbit experiments (5 and 9) and the negative experi- 

^ Resident in Anesthesia, Massachusetts General Hos- 
pital, Boston. 

^ Pituisan (Chinoin, Budapest). 

® Tonogen (Richter, Budapest). 

* Vitaplex B, ( Chinoin, Budapest) . 


ments of Kohn and Bulger (10) in man. Because both 
posterior pituitary extract and epinephrine are vasocon- 
strictor agents and hormones, thiamine was chosen to 
demonstrate that the same principle can be employed on 
a wholly different substance. 

The experiments with posterior pituitary extract were 
carried out on 3 individuals with normal water metabolism, 
and 7 patients, of whom 5 were suffering from diabetes 
insipidus and 2 from polyuria of undisclosed nature. In 
the present paper, only the observations made on 2 nor- 
mals and 3 diabetes insipidus patients will be recorded. 
The investigations with epinephrine were made on 4 
hospitalized patients with normal cardiovascular systems 
(one of them suffering from bronchial asthma), 8 dental 
patients, and 4 ambulatory patients wdth bronchial asthma. 
The subjects in the thiamine experiments were 5 hos- 
pitalized patients and 2 physicians, who volunteered for 
the purpose. Exactly the same amount and concentration 
of the various substances was injected into the sub- 
cutaneous tissue of the gluteal region, on one occasion 
without Zn and on the other mixed wdth Zn in a previ- 
ously determined optimal concentration. This concentra- 
tion ranged from 0.06 to 0.10 per cent Zn was added in 
the form of ZnCl.. For reasons to be explained later, the 
pH of the injections was kept around 5.5. In the case 
of posterior pituitary extract and epinephrine, the pharma- 
cological action and the presence or absence of unwanted 
side effects was observed. With thiamine, the rate of ex- 
cretion in urine was followed. 

Throughout this paper in the figures and tables, the 
following abbreviations will be used: For posterior pit- 
uitary extract, PPE; for epinephrine Adr; and for 
thiamine Bi- 

OBSERVATIONS 

1. The influence of zinc on the antidiuretic ac- 
tivity of posterior pituitary extract ® 

To study the effect of Zn on the antidiuretic 
acti-vity of posterior pituitary e.xtract, the rate of 
urine excretion was ohserv'ed after the adminis- 
tration of 1000 cc. of tap -water, in 2 persons -with 
normal -water metabolism and in 3 diabetes in- 
sipidus patients. 

For persons with normal water metabolism, the 
arrangement of the experiment ■\vas the following : 

s Dr. I. Strausz (Budapest) cooperated in the posterior 
pituitary extract experiments. 
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TIME IN HOURS 

Fig. l.b 


Figs. l.a axd l.b. The Urine Excretion CuRres of Patients B. S. and S. N. With Normal Wateji 
Metabolism, Following the Intake of 1000 cc. of Tap Water 

I. Without medication; II. after the subcutaneous injection of 0.4 I.U. of posterior pituitary extract; HI. after 
tlie subcutaneous injection of 0.4 I.U. of posterior pituitar>' e-xtract with 0.4 mgm. of zinc. 
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The indinduals were kept in bed 10 to 12 hours 
before and 5 to S hours during tlie experiments, 
and no food or fluid was allowed during this 
period. The bladder was completely emptied be- 
fore the beginning of the experiment. Immedi- 
ately aftenvards, 1000 cc. of tap water were con- 
sumed within 5 to 10 minutes. Urine was then 
passed 1, 2, 3, 4, 5, and 6 hours after the 

water intake. A few days later the experiment 
was repeated with the difference that simultane- 
ously wth the administration of water, 0.4 I.U. 
of posterior pituitary extract, diluted to 0.4 cc., 
was injected in the subcutis of the gluteal region. 
On yet anotlier occasion, the same amount of pos- 
terior pituitary e.xtract was injected witli 0.4 mgm. 
of Zn (in the form of ZnCL) so that the Zn con- 
centration of the injection was 0.1 per cent. The 
half-hourly urine excretion produced under differ- 
ent conditions was charted against time (Figures 
l.a. and l.b.). 

Figures l.a and l.b show that in normal per- 
sons, the urine excretion cur\’e reaches its maxi- 
mum lYs hours after water administration. If 
simultaneously with the water intake, 0.4 I.U. of 
posterior pituitary extract (^5 of the therapeutic 


dose usuallj'^ applied) is injected subcutaneously, 
then the maximum is shifted to the fourth hour, 
and if the same amount of posterior pituitary ex- 
tract is injected, well mixed with Zn, the maxi- 
mum is reached only in the sixth hour. Further- 
more, it can also be seen that under physiological 
conditions, urine excretion starts immediately af- 
ter the consumption of fluid. While the injection 
of 0.4 I.U. of posterior pituitary extract hinders 
any significant urine production for hours, 
the admixture of Zn to the same amount of pos- 
terior pituitary extract causes suspension of urine 
excretion for 3 to 4 hours. This increased ac- 
tirity, incident to the admixture of Zn, can be best 


TABLE I 

Tolal amouni of mine collected up to the times indicated 


Time 


BS. 



S.N. 


vrater 

intake 

Without 

After 

After 

Without 

After 

After 

injection 

PPE 

PPEH-Zn 

injection 

PPE 

PPE+Zn 

hours 

cc. 

u. 

u. 

cc. 

u. 

CC. 

1 

179 

28 

16 

240 

0 

0 

3 

901 

417 

51 

802 

220 

0 

6 

1018 

962 

687 

1125 

1000 

410 
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Fig. 2.C 

Figs. 2.a, 2.b, and 2.c. The Urine Excretion Curves of Diabetes Insipidus Patients A. F., 

AND H. F., Following the Intake of 1000 cc. or Tap Watep. 

I. Without medication: II. after the subcutaneous injection of 10 I.U. of posterior pituitary extract, HI 
after tile subcutaneous injection of 10 I.U. of posterior pituitary extract with 1 mgm. of zinc. 
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followed by local pain. Since he usually got on 
quite well by using hypophysis powder intra- 
nasally, we decided to reserve the use of the pos- 
terior pituitary extract-Zn injections for the oc- 
casions when, for some reason (sinusitis, coryza), 
hypophysis powder could not be administered. 
By changing regularly the site of the injection, no 
such difficulty was encountered in the other 2 
patients. 

Considering the above observations, it might be 
stated that posterior pituitary extract with Zn, 
when compared with posterior pituitary extract 
alone, possesses distinct advantages in the treat- 
ment of diabetes insipidus patients. Furthermore, 
it seems possible that Zn in combination with pos- 
terior pituitary extract will prove to be of increas- 
ing value in the treatment of certain gynecologi- 
cal, obstetrical, and other conditions where the 
use of posterior pituitary extract is indicated. 

2. The influence of zinc on the activity of 
epinephrine “ 

In preliminary experiments, we found that in 
man, the optimal Zn concentration of an epineph- 
rine-Zn solution is between 0.06 and 0.08 per cent. 
A 0.2 per cent epinephrine hydrochloride solution 
(prepared for us by the pharmaceutical firm G. 
Richter of Budapest) was used throughout the 
experiments. The observations were made on 4 
hospitalized patients, 2 males and 2 females. The 
age of the patients ranged between 18 and 40. 
After 12 hours of bed rest and fasting, the pa- 
tients received on alternate days 1.6 mgm. of epi- 
nephrine, and the same amount of epinephrine 
with Zn, respectively. The volume of the injec- 
tion was made up to 1 cc. in all cases and was in- 
jected subcutaneously in the gluteal region. Zn 
was added to the epinephrine solution directly be- 
fore the administration of the injection. Pulse 
rate, blood pressure, and blood sugar were deter- 
mined before, and also 1, 2, 3, and 4 hours 
after the injection. The presence and intensity of 
subjective symptoms (tremor, palpitation, weak- 
ness, etc.) were also recorded. The results are 
tabulated in Table IV and the combined blood 
sugar curves are given in Figure 3. 

It can be seen from Table IV that the admix- 

® Dr. L. Kadar (Budapest) cooperated in the experi- 
ments with epinephrine. 




TABLE IV 

Comparison of the effect of epinephrine and epineflmnc 

with cine 



Time 

After the injection of Adr. 

After the injection of Adr.+Za 

Pa- 

tient 

reck- 

oned 

from 

injec- 

tion 

Pulse 

rate 

Blood 

pressure 

Blood 

sugar 

Sub- 

jec- 

tive 

symp- 

toms 

Pulse 

rate 

Blood 

pressure 

Blood 

sugar 

Sub- 

je^ 

live 

sjTnp. 

tomj 


/lours 

0 

72 

100/60 

mgm. 
per cent 
81 


72 

105/70 

mgm. 
per cent 
83 



i 

78 

120/60 

139 

++-k 

72 

110/70 

97 

— 

A. A. 

1 

72 

120/60 

163 

++ 

72 

120/80 

123 

-t- 

2 

60 

100/60 

154 


66 

100/80 

154 



3 

66 

90/60 

95 

— 

66 

100/80 

133 

— 


4 

66 

00/60 

65 

— 

66 

90/70 

90 

- 


0 

66 

120/60 

90 


66 

115/60 

83 



i 

78 

130/80 

168 

++-}- 

60 

130/70 

100 

— 

E.E. 

1 

78 

120/60 

175 

++ 

66 

140/70 

134 

+ 

2 

66 

105/60 

139 


72 

120/70 

161 

— 


3 

66 

105/70 

77 


66 

120/70 

118 

— 



66 

100/60 

70 

— 

66 

110/70 

74 



0 

72 

110/70 

83 



78 

100/70 

85 

- 


i 

84 

130/60 

161 

+++ 

84 

110/60 

123 

— 


1 

06 

126/60 

188 

+++ 

84 

120/60 

IGG 

+ 

E. W. 

2 

92 

115/60 

156 

++ 

84 

110/70 

211 

— 


3 

80 

105/60 

85 


84 

110/60 

160 

- 


4 

90 

105/60 

65 

— 

84 

100/60 

95 



0 

96 

105/80 

74 


90 

120/80 

72 

- 


i 

114 

140/80 

129 

-f-f 

96 

115/80 

97 

— 


1 

120 

140/70 

143 

-!-!-+ 

96 

125/70 

111 

— 

E.P. 

2 

114 

128/70 

123 

+ 

96 

120/70 

150 

+ 


3 

96 

110/70 

85 

"h 

98 

120/70 

IIG 



4 

90 

110/70 

65 


90 

110/05 

76 



ture of Zn decreased and postponed the elevation 
of pulse rate and postponed the blood pressure re- 
sponse caused by the administration of epinepli- 
rine. Moreover, there was a significant decrease 
both in the intensity and duration of the unwanted 
side effects (tremor, palpitation, etc.). 

The behavior of the blood sugar curve (Figure 
3) has been particularly interesting. Following 
the injection of epinephrine plus Zn, the initial 
rise of the curve was moderate, the maximum was 
reached later and the elevation lasted longer than 
after the injection of epinephrine alone. The 
hyperglycemic effects of epinephrine alone, and of 
epinephrine with Zn, respectively, can be meas- 
ured by the surface area bounded by the blood 
sugar curves and lines parallel with the X axis 
drawm through the starting point of the curves. 
The area representing the effect of epinephrine 
alone was found to be 54.0 units, that of epineph- 
rine with Zn 76.8 units, so that there is a differ- 
ence of 42 per cent between the two values to the 

advantage of the latter. 

Case A. A. has been a chronic asthmatic patient 
hospitalized for the frequency of his seizures. IR 
regularly had an attack just after awakening ia 
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Fig. 3. The Combined Blood Sugar Curves of 4 Patients, Following the Subcutaneous Ad- 
ministration OF 1.6 MGM. OF Epinephrine, and 1.6 mgm. of Epinephrine With 0.8 iigm. of Zinc 


the morning. The experiments were timed to 
begin shortly after the attack had developed fully. 
To our surprise, there was no delay in the onset 
of the antiasthmatic effect of epinephrine when 
injected together with Zn. On the other hand, 
while the effect of epinephrine alone lasted only 3 
to 4 hours, epinephrine with Zn was still effective 
after 6 to 8 hours. On other asthmatic patients, 
a mixture containing 1.2 mgm. of epinephrine, 
5 I.U. of posterior pituitary extract, and 0.08 per 
cent of Zn proved to have an antiasthmatic effect 
for 16 to 24 hours. 

Another field where epinephrine with Zn has 
been used effectively is dentistry. The unwanted 
side effects (pallor, tremor, weakness of the ex- 
tremities, elevation of blood pressure, etc.) after 
dental analgesic injections containing epinephrine, 
are well known. All these symptoms are caused 
by the general action of epinephrine which is, in 
these cases, unnecessarj-, since only the local vaso- 


constrictor effect is wanted. By the addition of 
0.08 to 0.1 per cent of Zn to the analgesic epi- 
nephrine mixture, the unwanted side effects were 
ruled out completely. A limited number of trials 
were carried out which not only proved the ab- 
sence of the unwanted side effects, but also seemed 
to show a more prolonged local anesthesia. 

As already mentioned, there is a distinct dis- 
crepancy between the results of Kohn and Bulger 
(10) and our own experiments. It seems possible 
that the explanation of this difference might be in 
the dosage employed. Taking it for granted that 
the epmephnne preparations used were of equal 
strength, our dose (1.6 mgm.) was more than 
three times larger than theirs (0.5 mgm ) A 
dose of O o mgm. of epinephrine if absorbed 
rapidly is able to produce a marked hj^ierglycemia. 
If however, its absorption is delayed, or istrib- 
uted over a longer period of time, the threshold 
necessary for the production of hyperglycemia will 
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not be reached, due to the rapid destruction of epi- 
nephrine. Since epinephrine is a vasoconstrictor 
drug which slows up its own resorption to a cer- 
tain extent, even small quantities of Zn suffice to 
impede the absorption of a borderline dose of 0.5 
mgm., and to prevent a pronounced hyperglycemic 
effect. On the other hand, if larger doses are ap- 
plied, the necessary concentration for the pro- 
duction of hyperglycemia will be reached. This 
coincides with the ultimate objective of the pro- 
longation of the action of medicines, namely: the 
attainment of a prolonged effect by means of the 
gradual and evenly distributed resorption of a 
single large dose. 

These preliminary observations on the applica- 
tion of epinephrine with Zn indicate that the ad- 
mixture of 0.06 to 0.08 per cent of Zn to a subcu- 
taneously injected epinephrine solution diminishes 
the unwanted side effects and prolongs its period 
of activity, as measured by the hyperglycemic 
action. 

3. The effect of zinc on the urinary excretion of 
thiamine hydrochloride after subcutaneous 
injection ^ 

It is well known that after the parenteral ad- 
ministration of thiamine, a varying amount of the 
vitamin injected will be excreted in the urine. 
The amount excreted depends upon the degree to 
which the injected person is saturated with thi- 
amine. According to Magyar (11) and Hills 
(12), less than 18 per cent of the amount in- 
jected will be excreted if the patients have latent 
or manifest thiamine deficiency. It is very inter- 
esting that the percentage proportion of the ex- 
creted thiamine is fairly independent of the abso- 
lute amount injected, and that approximately the 
same percentage of the quantity injected can be 
recovered from the urine whether 10 or 50 mgm. 
were administered parenterally. Magyar (11), 
Hills (12), and Goth (13) report that the ma- 
jority of the excreted thiamine can be found in 
the urine passed within one hour after the ad- 
ministration of the vitamin. We presumed that 
this rapid '' excretion was due to the high blood 
levels which follow parenteral administration, and 
that by slowing down the rate of absorption by 

' Dr. E. Goth (Budapest) cooperated in the experi- 
ments with thiamine. 


the admixture of 0.1 per cent of Zn, the amount 
of thiamine to be excreted might be reduced. 

The experiments were carried out on 5 hos- 
pitalized patients and 2 healthy persons. The thi- 
amine excretion was tested on 4 of these after the 
repeated administration of 10 mgm. doses, on 3 
after the administration of 50 mgm. doses, and on 
1 after the administration of both 10 and 50 mgm. 
doses. Urine was collected from the experimental 
persons 1, 2, 3, 5, 8, and 24 hours after the 
injection of thiamine alone or thiamine with Zn. 
The site of the injection was the gluteal region. 
The amount of thiamine excreted in the urine was 
determined by the thiochrome method as modified 
by Ritsert (14). 

The results following the administration of the 
10 mgm. dose, with and without Zn, are presented 
in Table V. It can be seen from Table V that 


TABLE v 

hicremental excretion at the times indicated, foUoiving 
the s.e. injection of 10 mgm. 5, 


Patient 

Injection 

hour 

1 

hour 

2 

hours 

3 

hours 

5 

hours 

8 

hours 

24 

hours 





microgrami 




Bi 

362 

744 

465 

208 

178 

124 

400 

F.F. 

BiH-Zn 

38 

96 

112 

651 

192 

881 

224 


B. 

588 

1066 

777 

416 

ISO 

86 

373 

E. G. 

Bi-t-Zn 

00 

450 

66 

180 

260 

67 

221 


Bi 

660 

460 

256 

62 

61 

44 

210 

M.B, 


192 

205 

512 

201 

88 

67 

2S0 


Bi 

400 

148 

180 

80 

59 

61 

256 

N.L. 

Bi+Za 

66 

60 

166 

43 

80 

25 

153 


Bi 

902 

396 

480 

228 

326 

140 

540 

T.M. 

Bi+Zn 

300 

280 

720 

202 

36 

138 

628 


after the administration of 10 mgm. of thiamine 
alone, the intensity of excretion reached its maxi- 
mum in 1 / 2 , hour in 3 cases and in 1 hour in the 
other 2 cases. If the same amount of thiamine 
was injected with Zn, the maximal excretion oc- 
curred 3 hours after the injection in 1 case, 2 
hours after the injection in 3 cases, and 1 hour 
after the injection in 1 case. The difference be- 
tween the utilization of thiamine alone and thi- 
amine with Zn can be clearly seen from Table VI 
in which the total amounts of thiamine excreted 
during corresponding periods are compared. Ac 
cording to the figures of this table, the quantit> 
of thiamine excreted in a 24-hoiir period, after 
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Fig. 4. The Amount or Thiamine Excreted in 24-hour Periods After the Alternating 
Daily Injections of 10 mgm. of Thiamine Hydrochloride, With and Without the Addition 
OF 1 MGM. OF Zinc 


TABLE VI 


Total amount of B, excreted up to the times indicated, 
following the s.c. injection of 10 mgm. B, 


Patient 

Injection 

1 hour 

2 hours 

3 hours 

24 hours 




micrograms 



Bi 

1106 

1571 

1779 

2481 

F.F. 

Bi-fZn 

134 

246 

797 

1400 


Bi 

1654 

2431 

2847 

3485 

E. G. 

Bi+Zn 

540 

606 

786 

1324 


B, 

1120 

1376 

1428 

1743 

M. B. 

B,+Zn 

397 

909 

1110 

1535 


Bi 

548 

728 

808 

1184 

N.L. 


116 

282 

325 

583 


Bi 

1298 

1778 

2006 

3012 

t.m. 


580 

1300 

1500 

2200 


the injection of 10 mgm. of thiamine ivith Zn, is 
considerably (12 to 63 per cent) less than if thi- 
amine alone had been injected. Furthermore, 
Table VI also shows that a much larger propor- 
tion of the total was excreted in the first 3 hours 
after the injection of thiamine alone, than after 
the administration of thiamine with Zn. In the 
case of M. B., we followed up the thiamine ex- 
cretion after the alternating daily injection of 10 
mgm. of thiamine and thiamine -with Zn. On 
every occasion, less thiamine was excreted in the 
urine after the injection of thiamine and Zn, than 
after the injection of thiamine alone (Figure 4). 

Similar results were obtained if the dose of the 
administered vitamin was increased to 50 mgm. 
(Tables VII and VIII). 

These results (even if the limitations of the 
thiochrome method are considered) indicate that 
the addition of 0.1 per cent of Zn to thiamine in- 
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TABLE VII 

Incremental excretion at the times indicated, following 
the s.c. injection of 50 mgm. 


Patient 

Injection 

1 

1 

hour 

1 

1 

, hour 

1 

2 

hours 

1 

3 

hours 

1 

5 

hours 

8 

hours 1 

24 

hours 


1 



micTograms 




Bi 

10296 

3848 

1536 

4200 

648 

350 

750 

P.P. 


1332 

3400 

4737 

1250 

960 

820 

1400 


Bi 

40S0 

1848 

1932 

620 

284 

136 

450 

M. T. 

Bi+Zn 

1420 

1668 

1340 

853 

640 

1044 

800 


Bi 

6120 

2112 

898 

317 

368 

407 

1610 

K.I. 

Bi-PZn 

29281 

1 

3420 1 

1 

7008 

1490 

270 

840 

900 


TABLE VIII 

Total amount of B^ excreted up to the times indicated, 
following the s.c. infection of 50 mgm. 5, 


Patient 

Injection 

1 hour 

I 2 hours j 

3 hours 

24 hours 



14144 

micro, 

15680 

^rams 

I 19880 

21928 

P. P. 







Bid-Zn 

4732 

9469 

10719 

13899 


Bi 

5928 

7860 

8480 

9350 

M.T. 






Bi-hZn 

3088 

4428 

5281 

7785 


B, 

8232 

9130 

9447 

11832 

K. I. 







Bi4-Zn 

6348 

14056 

15546 

16856 


jected subcutaneously not only delays its excretion 
but also diminishes the total amount of thiamine 
to be excreted in a 24-hour period. 

COMMENT 

Since this work has been an attempt to employ 
Zn for the prolongation of the action of subcu- 
taneously injected medicines, perhaps it is not 
superfluous to see how this effect of Zn, and other 
metal salts, is brought about. ZnCL is readily 
dissolved in an aqueous medium of acid reaction. 
If however the pH of such a ZnCL solution is 
shifted towards the alkaline, then above pH 5.5, a 
fine precipitate forms which consists of Zn(OCl )2 
and Zn(OH);. Furthermore, if an acid solution 
containing ZnCL is injected into subcutaneous 
tissue of about 7.4 pH, not only Zn(OCl)n and 
Zn(OH )2 are formed, but also some of the pro- 
teins of the tissue fluids are precipitated by the 
Zn ions. The precipitate thus formed encloses the 


therapeutic agent injected, together with the ZnCL 
solution. According to the principles of physical 
chemistry, strong diffusion should start in the di- 
rection of the relatively insoluble precipitate. 
Consequently, the rapid absorption of the in- 
jected therapeutic agent will be hindered. Its ab- 
sorption can only occur gradually, partly by 
osmosis, and partly by the breaking down of the 
precipitate. That this is the sequence of events 
was ingeniously demonstrated by Sahyun (3.d) 
in experiments made on the ear of the rabbit. 

In animal experiments, it was possible to show 
(9) that the prolonging effect of ZnClj depends 
not only on the Zn concentration of the injected 
material, but also on the site of the injection. 
Provided that the Zn concentration of the injected 
substance is kept constant, the prolonging ^effect 
is the more pronounced, the more dense the sub- 
cutaneous tissue where it is injected. The prob- 
able explanation of this observation is that in 
densely woven tissues, the reaction between the 
injected material and the tissue proteins is more 
complete and the absorptive surface is also smaller. 

The subcutis of man, especially that of the thigh 
and .the gluteal region, is much more suitable for 
the development of the above reaction than the 
subcutis of any laboratory animal. Consequently, 
the amount of Zn necessary to produce maximal 
prolongation of the effect of posterior pituitary 
extract and epinephrine is much less (0.1 per cent 
and 0.06 per cent) in man than in rats (0.5 per 
cent to 1.0 per cent, Dodds (4.a)) or rabbits (1.2 
per cent (Foldes (9)). This is of practical im- 
portance because solutions containing less than 
0.12 per cent Zn can be injected subcutaneously 
without any gross local reaction or major dis- 
comfort. No general ill effects were observed 
after the daily administration over a period of 
more than 6 months. That such small Zn doses 
should produce any toxic symptoms, even after 
prolonged administration, seems improbable if I'C 
consider that there are 5 to 10 mgm. of Zn present 
in the average daily diet, and that Zn has been 
shown to be indispensable in the normal develop 
ment of certain animals (15). 

The fact that on one hand it has been possible 
to prolong the activity of such widely differing 
substances as posterior pituitary extract, epinep i 
rine, and thiamine, and on the other band, that 
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A-JNDiVlDUAL VARIATIONS B-£FFBCT OF DOSB-3 CASBS 




Fig. 1. The Effect of Opiates on the Pain Threshold in Post-Addicts 

A. Responses from 4 post-addicts showing the large individual variations obtained with this group. On re- 
test, each case consistently repeated his typical response pattern. 

B. Mean curves from a group of 3 cases for 3 dosages. Even with a dose of 100 mgm., the maximum in- 
crease in threshold barely exceeded IS per cent. 


57, consistently showed this reversed effect which 
appears to be genuine, for an essentially similar 
result was obtained at each re-test. This nega- 
tive effect is not a true reversal, for in these cases, 
sufficiently large doses produced a positive thresh- 
old-raising action. The response obtained from 
a single dose of morphine does not appear to be 
related to the length or intensity of previous ad- 
dictions, nor to the length of time following the 
last addiction. 

Patients showing this reversed effect were not 
used in studying the morphine derivatives and be- 
cause of individual variations, each group receiv- 
ing a derivative was compared with the same 
group with morphine. 

With larger doses of morphine an increased ef- 
fect is obtained (Figure 1-B), but a saturation 
effect is observed (2) and the maximum effect of 
100 mgm. is only slightly greater than that of 40 
mgm. The total effect in per cent hours, obtained 
by measuring the area under the curves with a 
planimeter, increased somewhat, even up to the 
100 mgm. dose, because of the prolonged time of 
action of the larger closes. The total effects in 
order of ascending doses of 20, 40, and 100 mgm. 
are 19.3, 49.0, and 58.2 per cent hours respec- 


tively. From the curves of Wolff, Hardy, and 
Goodell (2), the total effect of 20 mgm. would be 
expected to be about 320 point hours, or 16.6 
times that observed in the post-addict. No com- 
parative data are available for the larger doses. ^ 

It is of interest to note that the time at which 
the effect becomes maximal is approximately the 
same as that found wdth non-addicts (1.5 hours) 
and that this time is increased with the larger 
doses. 

The subjective effects of the largest doses were 
marked, but the smaller doses were tolerated much 
better than would be the case with non-addicts. 
Occasional vomiting was encountered with 100 
mgm. and 40 mgm. but was absent with 20 mgm. 
The most consistent finding was myosis. Depres- 
sion was marked with 100 mgm. but was absent 
w'ith the smaller doses. _ . 

Codeine. The work of Himmelsbach (3) indi- 
cates that the ability of codeine to satisfy existing 
ph}’^sical dependence in man is only 0.19 that o 
morphine. In cats, Eddy (4) found the analgesic 
effect to be 0.09 that of morphine. The pam- 
threshold-raising effect of 100 mgm. of codeine is 
show'n in Figure 2, compared to the effect of 
mgm. of morphine in the same patients. 
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Fig. 2. The Paix-Theeshold-Raisinc Eftect of Various 
Opiates ix the Post-Addict 

The mean effect of each drug is plotted as per cent of the mean effect of morphine 
in the same group. 


maximum effect of the codeine was quite com- 
parable to that of morphine, but the maxiratun 
effect was attained earlier and the duration was 
shorter. This is surprising since other studies 
indicate that the duration of codeine action is at 


least as long as that of morphine. The total ef- 
fect of the codeine ■\\'as 6.7 per cent hours, com- 
pared to 7.7 for morphine. 

Alpha-isomorphine. From substitution studies 
(3) this drug appears to be 1.4 times as potent as 
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morphine, while the work on cats (4) shows an 
analgesic potency ratio of 0.9. The effect of 20 
mgm. is compared with morphine in Figure 2. 
The maximum effects are about equal for the 2 
drugs but the alpha isomer has a somewhat shorter 
time of action. The total effects were 11.2 per 
cent hours for the alpha isomer and 12.9 for 
morphine. 

Dihydromorphinone (Dilmidid). The substi- 
tution studies indicate that this drug is 7 times as 
potent as morphine, while the analgesia studies of 
Eddy on cats gives a ratio of 4.4. Pain threshold 
studies in man (2) suggest a ratio of about 10. 
In Figure 2 is shown a comparison of the effect 
of 3 mgm. of Dilaudid and 20 mgm. of morphine. 
With a dosage ratio of approximately 1 : 7, the 
total effect of the Dilaudid was 19.0 per cent hours 
to be compared to only 8.9 per cent hours for mor- 
phine. It appears that in the post-addict, Dilaudid 
is considerably more effective than would be an- 
ticipated from other data. 

Methyldihydromorphinone. Substitution was 
not entirely satisfactory (5) but indicates that the 
physical dependence-satisfying action is about 7.2 
times that of morphine. The analgesia studies on 
cats yield a ratio of 7.5 with a duration shorter 
than morphine. Wolff, Hardy, and Goodell (2) 
report a ratio of about 4.5 from pain threshold 
measurements in man, and Lee (6) found a ratio 
of about 2 from the clinical use of the drug in the 
relief of pain. Using a dose ratio of 4, it ap- 
pears that the total effect of methyldihydromor- 
phinone is less than that of morphine, the figures 
being 12.2 and 15.5, respectively. The maximum 
effect is somewhat greater than with morphine. 

Dihydrodeso.xymorphhie-D. (Dcsoniorphine). 
Himmelsbach (5) reported an addiction-satisfy- 
ing ratio of 5 and Eddy (4) an analgesia ratio of 
9.4. The clinical studies of Lee (6) indicate a 
ratio of 11.3. When given in % of the morphine 
dosage, the total effect was 12.2 per cent hours, to 
be compared with only 6.8 for morphine. Most 
of this difference came from the high maximum 
value which was more than twice that obtained 
with morphine. 

Dihydrohydroxycodclnonc {Eitkodal). The 
addiction-satisfying potency is about 0.67 that of 
morphine (4). Eddy (4) reports an analgesic 
potency ratio of 0.51. With a dose of 20 mgm., 
the total effect of 26.0 per cent hours was almost 


double the effect of the equal dose of morphine 
which was 14.0 per cent hours. The maximum 
effect was more than twice that of morphine and 
occurred earlier. 

Diacetylmorphine (Heroin). Eddy (4) re- 
ports an analgesic effectiveness in cats of 1.8. 
When given in a dose % that of morphine, heroin 
produces a prompt rise in pain threshold. The 
total effectiveness is 19.7 per cent hours to be 
compared with 11.6 per cent hours for morphine. 

Intravenous morphme. There are no compara- 
tive data, but an effect having a rapid onset and 
a short duration would be anticipated. This is 
actually the case, for a dose of 10 mgm. shows a 
maximum effect of 11 per cent at 18 minutes, 
compared to the peak of 5.9 per cent at 1.5 hours, 
for 20 mgm. given subcutaneously. The total 
effect was the same from both curves, 10.4 per 
cent hours. 

The results described above are summarized in 
Table I. 


TABLE I 



Effectiveness relative to 
morphine measured by 

Effectiveness rela- 
tive to morphine 
on pain threshold 
in post-addicts 

Drug 

Sub- 

stitu- 

tion* 

Anal- ! 
gesia ; 
in catst 

i 

Pain 
thresh- 
oid in 
mant 

Clin- 

ical 

use§ 

Dose 

Ma-ri- 

mum 

effect 

Total 

effect 

Morphine 

Codeine 

a-isomorphine 

Dilaudid 

MethyJdihydro- 

morphinone 

Desomorphine 

Eukodal 

Heroin 

Morphine (i.v.) 

1.0 

0.19 

1.4 

7.0 

7.2 

5.0 
0.67 

1.0 

0.09 

0.9 

4.4 

10.7 

9.4 
0.51 
1.8 

1.0 

0.10 

JO.O 

4.5 

1.0 

0.2 

2.0 

11.3 

mgm. 

20 

100 

20 

3 

5 

2.5 

20 

10 

10 

1.0 

0.22 

1.0 

13.3 

4.8 
20.8 

S.6 

3.8 

1.0 

0.13 

0.9 

14.2 

3.1 

14.3 
1.9 
3.4 
2.0 


* Himmelsbach (3 to 5). 

t Eddy (4). 

t Wolff and Hardy (2). 

I Lee (6). 

The relative effectiveness was calculated from the rela- 
tive maxima of the time-action curves and also from 
total areas under these curves. 

DISCUSSION 

The most striking result is the low threshold- 
raising effect of even a massive dose of morphine. 
The pre-injection threshold is practically norma 
but the response following the drug is only a frac- 
tion of that obtained in non-addicts. It has been 
suggested (7) that the first addiction produces cer- 
tain irreversible changes which might be thong 4 
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SKIN RESISTANCE CHANGES AND MEASUREMENTS 
OF PAIN THRESHOLD 

By H. L. ANDREWS i 

(United States Public Health Service, United States Public Health Service Hospital, 

Lexington, Kentucky) 

(Rccch'cd for publication October 28, 1942) 


When the end-point is reached in the Hard}'- 
Wolff method of measuring pain threshold, there 
is a sharp change in the subjective experience re- 
sulting from the stimulus. When the radiation in- 
tensit}- is below the level of the pain threshold, the 
sensation is one of heat alone. If the pain thresh- 
old is exceeded, there is a sensation of heat with 
an added factor which has been variousl}’ described 
as “a Uveak,” “a stab of pain,” "a pin prick,” or “a 
threat of tissue damage.” The usefulness of this 
technique lies in the fact that however this end- 
point is described, it can be duplicated on subse- 
quent trials and after the administration of drugs. 

The appreciation and description of this end- 
point must involve a complex series of neural path- 
ways, including the cerebral cortex. Skin re- 
sistance, on the other hand, is primarily under 
autonomic control, and is only secondarily affected 
by the cerebrum. Since the stimulus intensity can 
be adjusted to obtain equal subjective experiences, 
simultaneous measurements of pain threshold and 
skin resistance should furnish a means for differen- 
tiating between autonomic effects and those in- 
volving higher centers. These measurements 
might be expected to furnish an objective check 
on the accuracy of the subjective reports, for when 
the stimulus exceeds the pain threshold, there is a 
sharp increase in the emotional content of the stim- 
ulation and a sudden increase in the magnitude of 
the skin resistance change would be anticipated. 
The results obtained from such simultaneous meas- 
urements are described in the present report. 

METHODS 

Pain threshold measurements were made with appa- 
ratus essentially the same as that described by Hardy 
and Wolff (1). A 3-second stimulus was given at 30- 
second intervals. The lamp supplying the stimulus was 
operated from A.C. through a voltage-regulating trans- 
former and controlled by a Variac. Each stimulus in- 

^ Present address : National Institute of Health, Be- 
thesda, Maryland. 


tensity was measured bj’ a wattmeter connected in the 
lamp circuit. 

Skin resistance measurements v.’ere made from silver 
chloride electrodes, attached to the palm and dorsum of 
the hand with collodion- Contact to the skin ■was made 
through an isotonic electrode paste. In applying these 
electrodes, care v:as taken to avoid injuring the palmar 
skin, but the dorsum was rubbed vigorously with electrode 
paste to obtain a low resistance contacL The hand formed 
one arm of a Wheatstone bridge v.-hich was fed from a 
1.5 volt cell through a potentiometer. This was adjusted 
to keep the electrode current below 5 microamperes, thus 
reducing disturbances due to polarization. 

The output of the bridge was fed into a 2-Etage, direct 
coupled amplifier which drove a Westinghouse type PA 
gah-anoraeter. Photographic recording v.'as on bromide 
paper. Auxiliao' circuits were provided to record the 
incidence of the stimuli and the subjective reports. 

Current was allowed to pass through the electrodes only 
during the actual measurements, which usually required 
about 3 or 4 minutes. When the effects of drugs were 
being studied, a run was made every 15 minutes after drug 
administration and when the effects lasted more than 2 or 
3 hours, new electrodes were applied to eliminate the ef- 
fects of cumulative polarization. 

The pain threshold data were treated in the usual way, 
the increase over the pre-injection threshold being ex- 
pressed as a percentage of this threshold and plotted 
against the time after the injection. The area under each 
skin resistance change ■was measured for a 20-Eecond in- 
terval with a planimeter. By dividing this area by the 
base line, the average height of the curve was obtained, 
and from the bridge calibrations, this ■vi’as converted to 
ohms change and to percentage change. Although meas- 
urements of maximum change gave results essentially 
similar to those obtained from the average •v'alues, the 
latter were used in all calculations, since 'these represent 
more nearly the total integrated effect of the stimulus. 

RESULTS 

The study vris carried out on 2 non-addicts and 
on a group of men who had previously been ad- 
dicted to opiates but whose addiction had termi- 
nated at least 6 months prior to the stud}'. All 
subjects had had considerable experience with the 
experimental procedure before being used in the 
present study. Following each stimulus, a report 
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of “warm,” “hot,” or “pain” (W, H, or P) was 
given and an appropriate signal was put on the 
record by the operator. 

In general, there is a sharp increase in the mag- 
nitude of the skin resistance change when passing 



Fig. 1. Change in Skin Resistance Response with 
Intensity of Stimulus Near Pain Threshold; 124 
Determinations in 15 Cases 


from an “H” response to a “P.” In a few cases, 
the greatest skin resistance change is observed 
with the “H” stimulus which immediately precedes 
that invoking the response. The course of the re- 
sponse from 124 determinations in 15 individuals 
is shown in Figure 1. This group included 2 men 
who showed the greatest resistance change to the 


“H” stimulus. If these had been omitted, the rise 
with “P” would have been more pronounced. 

When the stimulus intensity was maintained 
very close to the threshold value so that the sub- 
jective response was variable, it was found that a 
larger resistance response was- almost invariably 
associated with the “P” reports. 

Both the magnitude and the duration of the 
skin resistance change increased when the thresh- 
old was exceeded (Figure 2), The time from the 
incidence of the stimulus to the start of the re- 
sistance response was independent of the magni- 
tude of the response. In general, the skin resist- 
ance returned to its pre-stimulus value in 20 to 30 
seconds, which indicates that the 30-second inter- 
val between stimuli cannot be appreciably short- 
ened if independent responses are to be obtained. 

When a small dose of morphine (8 mgm.) was 
given to a non-addict, an increase in the pain 
threshold was obtained (Figure 3). • The change 
in skin resistance resulting from the “P” stimuli 
showed a prompt reduction following the injection 
and this low value was maintained throughout the 
period of increased threshold. It has been shown 
(2) that the post-addict shows a greatly reduced 
response to the pain-threshold-raising effect of 
morphine. An 8 mgm. dose of morphine pro- 
duces no significant increase in pain threshold, 
but is followed by a prompt reduction in the mag- 
nitude of the skin resistance response which is 
(puite comparable to that obtained with non- 
addicts. In 2 experiments, this reduction persisted 
for 13 and 14 hours, respectively, at which time 




30 SBCONOS- fOOO OHM CALIBHAT-IONS 

Fig. 2. Changes in Skin Resistance at Threshold 

■"al skin resistance responses. The stimulus intensity and the subjccti%-c response arc recorded at each c!c 
%-ation of the signal line which marks tlie incidence of the stimulus. 
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the effect started to increase toward the original 
values. When larger doses (20 to 100 rngm^ 
were given to the post-addict, an increase in pain 
threshold was obtained and the reduction in the 
skin resistance change was so marked that no 
response could be obtained with the recording 
system at maximum sensitivity. 

When an increase in pain threshold was ob- 
tained with acetylsalicylic acid instead of with 
morphine, there was no reduction in the magni- 
tude of the skin resistance response, even though 
the maximum increases in pain threshold were 
comparable. Post-addicts showed some reduction 
in skin response following 100 mgm. of codein^ 
hut this reduction was less than that obtained with 
20 mgm. of morphine, which produces a com- 
parable rise in pain threshold. In the post-addict, 
the reduction in skin response follovung 100 mgim 
of Demerol was at least as great as that produced 
with 20 mgm. of morphine, but the pain-threshold- 
raising effect of the latter vias somewhat greater. 

DISCUSSION 

It appears that the skin resistance response can- 
not he used as an objective measure of the end 


point in the determination of pain thresholds, for 
the response follon-ing a “P” report is not in- 
variably greater than with weaker stimuli. In a 
group, there is a strong tendency for a greater re- 
sponse wth a “P” report, which bears out the sub- 
jective reports that above threshold, the stimulus 
has an emotional content considerably greater than 
stimuli only slightly below threshold. It seems 
probable that the maximal responses occasionally 
obtained with the strongest sub-threshold stimuli 
are due to subjective uncertainty and confusion, 
producing an autonomic disturbance which is re- 
flected in the increased skin resistance change. 
^^fflen the strength of the stimulus is increased, the 
imcertainty disappears and the skin response be- 
comes smaller. 

Simultaneous measurements of skin resistance 
and pain threshold are of value, however, in dif- 
ferentiating various aspects of drug action. The 
action of morpWne on that portion of the auto- 
nomic system involved in controlling the skin re- 
sistance appears to be comparable in post-addicts 
and normal subjects. Howe^-er, when the cere- 
brum becomes involved in the recognition and in- 
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of “warm,” “hot,” or “pain” (W, H, or P) was 
given and an appropriate signal was put on the 
record by the operator. 

In general, there is a sharp increase in the mag- 
nitude of the skin resistance change when passing 



Fig. 1. Change in Skin Resistance Response with 
Intensity of Stimulus Near Pain Threshold; 124 
Determinations in 15 Cases 


from an “H” response to a “P.” In a few cases, 
the greatest skin resistance change is observed 
with the “H” stimulus which immediately precedes 
that invoking the response. The course of the re- 
sponse from 124 determinations in 15 individuals 
is shown in Figure 1. This group included 2 men 
who showed the greatest resistance change to the 



“H” stimulus. If these had been omitted, the ri;e 
with “P” would have been more pronounced. 

When the stimulus intensity was mainlaind 
very close to the threshold value so that the suV 
jective response was variable, it was found that a 
larger resistance response waS’ almost invariahly 
associated with the “P” reports. 

Both the magnitude and the duration of the 
skin resistance change increased when the thresh- 
old was exceeded (Figure 2). The time from the 
incidence of the stimulus to the start of the re- 
sistance response was independent of the magni- 
tude of the response. In general, the skin resist- 
ance returned to its pre-stimulus value in 20 to 30 
seconds, which indicates that the 30-second inter- 
val between stimuli cannot be appreciably short- 
ened if independent responses are to be obtained. 

When a small dose of morphine (8 mgm.) '\as 
given to a non-addict, an increase in the pain 
threshold was obtained (Figure 3). ■ The change 
in skin resistance resulting from the stiniui 
showed a prompt reduction following the injection 
and this low value was maintained throughout t e 
period of increased threshold. It has been s orin 
(2) that the post-addict shows a greatly re uce 

response to the pain-threshold-raising e ec 

morphine. An 8 mgm. dose of 

duces no significant increase in pain t ' 

but is followed by a prompt reduction m the r 

nitude of the skin resistance response wi 

cfuite comparable to that obtaine ^ 

addicts. In 2 experiments, this reduction p 
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Fig. 2. Changes in Skin Resistance at Threshold 

"Til skin resistance responses. The stimulus intensity and the subjective response are 
vation of the signal line which marks the incidence of the stimulus. 


recorded at each c!e- 
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Fig. 3. Eftect of Moephine on Pain Theshold and Skin Resistance 

Tj-pical changes in the magnitude of the skin resistance response for “P” stimuli 
following morphine. In both cases, there is a decrease m ^e skm res'stance respon.e 
but in the post-addict, this is not accompanied by a change m the pam threshold. 


the effect started to increase toward the original 
values. When larger doses (20 to 100 mgin.) 
were given to the post-addict, an increase in pain 
tlireshold was obt^ned and the reduction in the 
skin resistance change was so marked that no 
response could be obtained vdth the recording 
system at maximum sensithdty. 

When an increase in pain threshold was ob- 
tained with acetylsalicylic acid instead of with 
morphine, there was no reduction in the magm- 
tude of the skin resistance response, even though 
the maximum increases in pain threshold were 
comparable. Post-addicts showed some reduction 
in skin response following 100 mgm. of codeine, 
but this reduction was less than that obtained with 
20 mgm. of morphine, which produces a com- 
parable rise in pain threshold. In the post-addict, 
the reduction in skin response following 100 mgm. 
of Demerol was at least as great as that produced 
with 20 mgm. of morphine, but the pain-threshold- 
raising effect of the latter was somewhat greater. 

DISCUSSION 

It appears that the skin resistance response can- 
not be used as an objective measure of the end- 


point in the determination of pain thresholds, for 
the response following a "P” report is not in- 
variably greater than with weaker stimuli. In a 
group, there is a strong tendency for a greater re- 
sponse with a “P” report, which bears out the sub- 
jective reports that above threshold, the stimulus 
has an emotional content considerably greater than 
stimuli only slightly below threshold. It seems 
probable that the maximal responses occasionally 
obtained with the strongest sub-threshold stimuli 
are due to subjective uncertainty and confusion, 
producing an autonomic disturbance which is re- 
flected in the increased skin resistance change. 
When the strength of the stimulus is increased, the 
imcertainty disappears and the skin response be- 
comes smaller. 

Simultaneous measurements of skin 
and pain threshold are of value, howe’^ 
ferentiating various aspects of drug -s and stored 
action of morphine on that portiorissium oxalate 

nomic system involved in controlli^^ St o? three 
sistance appears to be comparabljn; made bl- 
and normal subjects. Howev^f 1-6 per cent potas- 
brum becomes involved in 
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terpretation of the pain threshold, there is a dis- 
tinct difference between the 2 groups. 

The fact that morphine produces a reduction in 
skin response in the post-addict, comparable to that 
obtained in non-addicts, is of some importance in 
explaining the clinical relief of pain. It has been 
shown (2) that the pain-threshold-raising-effect of 
morphine is greatly reduced in the post-addict, yet 
clinical relief of pain is obtained with no increase 
in dosage. The results of the present study indi- 
cate that in the post-addict, the mechanisms in- 
volved in the skin resistance response are intact, 
while there is a permanent change in those in- 
volved in the recognition of pain threshold. It is 
interesting that the duration of the effect on skin 
/resistance is about 14 hours, in good agreement 
with the value given by Himmelsbach (3) for the 
duration of addiction-satisfying action. 

Wolff, Hardy, and Goodell (4) have suggested 
that the relief of pain by opiates involves at least 
2 mechanisms : An increase in pain threshold, and 
a reduction in the reaction to a recognized pain. 
They have further shown (5) that the pain thresh- 
old reaction is quite independent of this "alarm re- 
action.” 

The present studies corroborate these views and 
suggest that with morphine, the reduction in the 
alarm reaction is the more important factor. 
Acetylsalicylic acid appears to relieve pain almost 
entirely through its pain-threshold-raising action. 
Codeine exhibits both actions, but the effect on 
skin resistance is considerably smaller than with 
morphine. This is in accord with its recognized 
ability to relieve pain without producing the eu- 
phoria and sense of well-being commonly encoun- 
tered with morphine. The marked effect of De- 
merol on the skin resistance changes correlates 
with subjective reports, for this drug produces 
changes in reaction patterns which are comparable 
to those of morphine. 


CONCLUSIONS 

In general, the skin resistance change produced 
by the radiant stimulus used in the Hardy-Wolff 
technique is increased with a subjective report of 
pain. There are some variations, so this cannot 
be used as an objective measure of the end-point. 

In non-addicts and in post-addicts, there is a 
reduction in the skin resistance response following 
a dose of morphine. 

There is some reduction following codeine but 
this is not as pronounced as with morphine. 

The reduction following Demerol is at least as 
great as that observed with morphine. 

Following morphine, the reduction in skin re- 
sponse is maintained considerably beyond the pain 
threshold effect. 

The reduced skin resistance response is prob- 
ably associated with a reduced pain appreciation, 
which offers an explanation of the clinical relief 
of pain in the post-addict. 
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While the volume of the blood in health is quite 
constant and closely related to the size, age, and 
sex of the individual, it has long been recognized 
that in congestive heart failure, this relationship is 
disturbed. Therefore, investigations of the vol- 
ume of the blood in this clinical condition should 
throw light on the mechanism of normal control 
of the volume of the blood as well as on the na- 
ture of the physiological disturbances involved in 
heart failure itself. Studies of this nature, sum- 
marized by Gibson and Evans (1), indicate that 
there is an increase in the volume of the blood in 
this condition. While this generality is well sup- 
ported, there is a striking variability in individual 
cases. It appeared likely that this variability 
might be accounted for if quantitative measure- 
ment of factors which might influence blood "i-ol- 
ume were made at the time of the determination 
of the blood volume. Since the association be- 
Lveen anoxemia and compensatory polycythemia 
is well established, measurements of arterial and 
venous oxygen were made and it proved possible 
to show a rough quantitative relationship between 
anoxemia and cellular increase. On the other 
hand, while the statement has been made (1, 2) 
that there is a positive relationship between the 
venous pressure and the change in blood volume 
in congestive heart failure, it was not possible to 
find such a relationship within this group of 
severely congested cardiac patients. 

Although a number of the lines of investigation 
pursued did not lead to the establishment of any 
simple correlation with plasma or cell volume 
changes, these data presented are of interest, not 
only in themselves, but also because certain in- 
teresting relations obtain between them. The re- 
sults of these studies conducted on cardiac pa- 
tients are therefore presented in full. 

^ Louisiana State University School of Medicine, New 
Orleans, La. 


MATERIAL 

Fifteen patients were selected who had clinical evidence 
of severe congestive heart failure (class IV). All were 
dyspneic or orthopneic, all but one had pitting edema, all 
but one had hepatomegaly, most had chronic passive con- 
gestion of the lungs, a few had hydrothorax, several had 
ascites. The clinical findings in these patients are sum- 
marized in Table 1. Every effort was made to select un- 
complicated cases, who were untreated, or who were in a 
steady state despite digitalis. Etiology of the heart dis- 
ease in these cases included rheumatic heart disease, ar- 
teriosclerosis, hj-pertension, th3Totoxicosis, S3’philis, and 
heart disease secondary to pulmonary disease. The dura- 
tion of failure ranged from a few weeks to several 3 'ears. 
Patient number seven had evidence of a moderate degree 
of renal insufficiency- and he also had hemoptysis. None 
of the others had evidence of chronic blood loss. Five 
patients were female and ten tvere male. The average age 
was 542 years, 3vith one subject in the third decade, five 
in the fourth decade, four in the fifth, and five in the 
sixth decades. 

METHODS 

The patient was tyought to the laboratory in bed in 
the post-absorptive state. The bed was adjusted to as 
flat a position as the subject could tolerate, and he was 
allowed to rest in this position for more than thirty min- 
utes. Then the blood volume was determined b 3 - the 
method of Gibson and E%-ans (3). Predictions of blood, 
plasma, and cell volumes, normal for these patients were 
based on Gibson and Evans data (4), using the height of 
the subject, because edema rendered the weight an un- 
satisfactory reference value. Predicted values were sub- 
tracted from observed values, and the difference expressed 
as a percentage of the normal. 

The same venipuncture made for the injection of the 
d 3 -e was used to determine the arm to tongue circulation 
time (5) and the venous pressure (6). The venous pres- 
sures were referred to a point six centimeters below the 
Angle of Louis. A period of rest followed, then samples 
of blood were taken from the radial arter 3 - and the ante- 
cubital vein simultaneoush' in oiled s 3 -ringes and stored 
over mercury with refrigeration. Dry potassium oxalate 
was used as the anti-coagulant The vital capacit 3 - was 
determined with a spirometer, recording the best of three 
trials. Several hematocrit determinations were made b 3 ’ 
the wet technique of Gibson (3), using 1.6 per cent potas- 
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Observations on 15 patients with chronic congestive heart failure (Class IV) 
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within a group of patients with severe failure 
there is no correlation between venous pressure 
and blood volume or plasma volume. There is a 
negative correlation of moderate significance be- 
tween the cell volume and the venous pressure. 


The circulation time for the group is increasej 
to a mean of 31 dr 18 ^ seconds. Two patients 
(case number 3 and case number 12) had short 
circulation time from arm to tongue. Both ot 
these had hyperthyroid heart disease. The cir- 





WiTi! Sfaere Congestive Heart Failure 
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culation time usually rise as congestive heart fail- 
ure develops, it might be anticipated that tliere 
would be a simple relationship between these two. 
Within this group, such is not the case. There is 
no significant correlation between the venous pres- 


TABLE III 

Correlation between various measurements 
Coefficients italicized are significant 


Correlation 

Cases 

Coeffi- 

cient 

Significance 

(P=) 

Venous pressure — blood volume 

14 

-0.418 

no 

Venous pressure — plasma volume 

14 

-0.400 

no 

Venous pressure — cell volume 

14 

-0M5 

less than 0.05 

Circulation time — blood volume 

12 

-0.105 

no 

Circulation time — plasma volume 

12 

-0.199 

no 

Circulation time — cell volume 

12 

-1-0.231 

no 

Capillary unsaturation — blood volume 

15 

-f-0.264 

no 

Capillary unsaturation — plasma volume 

15 

-0.257 

no 

Capillary unsaturation — cell volume 

15 

+0.6S0 

less than 0.02 

Venous pressure — circulation time 

12 

-1-0.099 

no 

Arterial CO 2 content — arterial Oj saturation 

15 

~0M6 

less than 0.01 

T. D. Heart 




Log circulation time 

8 

+0.0S9 

less than 0.01 

I. D. Chest 





sure and the circulation time, another statement 
which must be interpreted strictly as applying to 
this group of patients. 

The saturation of arterial blood with oxygen 
ranged from normal levels to the low level of 41.8 
per cent. The majority of the patients, eleven in 
number, show values between 80 and 94 per cent 
saturation, which is the common range in heart 
failure. Only four patients show values above 90 
per cent, indicating that most of these patients 
have anoxic anoxia in varying degree. 

While venous blood from the antecubital vein 
does not represent true mixed venous blood, it is, 
when taken under standard conditions, a useful 
index. The venous oxygen saturations observed 
range from 75 per cent to the very low value of 
16.2 per cent. This lowest venous oxygen satura- 
tion occurred in the individual (number 14) who 
had the highest arterial saturation, representing 
jiurely stagnant anoxia. However, for the most 
part, the subjects studied showed mixtures of the 
stagnant and the anoxic forms of anoxia. 

The best formulation of the degree of anoxia 
available from the data obtained is the capillary 
unsaturation expressed by Lundsgaard (8), as 
mentioned above. The mean capillar}’’ unsatura- 
tion in this group was 6.6 ± 3.4 = volumes per 
cent. Normal capillary unsaturation is 3.5 vol- 
umes per cent, and cyanosis appears at the level 
of 6.0. 


To determine the relation of anoxia to the 
blood volume, the capillary unsaturation was com- 
pared with the blood volume and its fractions. 
There was no significant correlation with total 
blood volume nor with plasma volume, but there 
was a highly significant correlation with cell vol- 
ume. The coefficient of correlation between the 
cell volume and the capillary unsaturation was 
+ 0.630." 

The carbon dioxide content of the arterial blood 
covers a wide range, from marked degrees of re- 
tention to quite low values. Taking 42 to 54 vol- 
umes per cent as the normal range (10), there are 
five cases below this range and two above it. 
The patients with marked carbon dioxide reten- 
tion (numbers 2 and 11) had associated, marked 
anoxia. Both these patients had primarily pul- 
monary disease. 

The vital capacity in all cases was low, ranging 
from 2.5 liters to 0.7 liters. The patient with the 
highest vital capacity (number 14) had also the 
highest oxygen saturation, and the individual with 
the lowest (number 2) had the lowest arterial 
oxygen saturation, but among the others there is 
no relationship apparent. 

In those patients where roentgenograms of the 
chest were taken, measurement of the heart 
showed that all had large hearts. In order to 
allow for variation in stature of the individuals, 
the ratio of transverse heart diameter to internal 
thoracic diameter is used rather than the size of 
the heart itself. In normal patients, measured as 
in this study, this ratio is usually well below 0.5, 
It ranged in eight available cases between 0.564 
and 0.750 with a mean of 0.66 ± 0.07 An in- 
teresting relation obtains between the T.D./I.D- 
ratio and the circulation time. A linear plot of 
pairs of data suggested an exponential relation 
and a highly significant correlation was found be- 
tween the logarithm of the circulation time and 
the T.D./I.D. ratio with a coefficient of correla- 
tion of 0.929.^ 

The hemoglobin concentration and the hemato 
crit give very little information with regard to 

s A coefficient of correlation greater than 0.592 v ill oc 
cur in only two per cent of cases by chance with i teen 
pairs of data. Fisher’s Table V.A (11). 

^ A coefficient of correlation greater than 0.834 vi 
cur by chance in only one per cent of cases with nin- P^i 
of data. Fisher (11). 
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not found, however, that there was any significant 
difference in the change in the two fractions. 
Great variability exists in the elevation of the 
blood volume itself, and in the plasma and cell 
volumes in the individual cases, although, in the 
majority, elevation of both components occurred. 

Consideration of changes observed in the vol- 
ume of the blood may well involve separate con- 
sideration of the two fractions, for there is evi- 
dence that control of the watery and of the cellular 
fractions of the blood are mediated in different 
ways. 

Anoxemia has been considered as a factor in 
changes in hemoglobin and red cells since the work 
of Bert in 1882 (18), and Wintrobe and Harrop 
(19) have reviewed the hematologic effects of 
anoxemia. In brief, there is an increase in the cir- 
culating red cell volume in chronic anoxemia due 
to altitude, with an increased total blood volume, 
due largely to increase in the cells. Upon return 
to normal levels, the cell volume falls and there is 
a slight compensatory rise in the plasma volume. 
Compensatory polycythemia is thus a cellular af- 
fair, with essentially normal plasma volume. For 
reasons not understood, anoxemia does not always 
produce a polycythemia as noted by Kaltreider, 
Hurtado, and Brooks (20) and Lemon (21). 

In heart disease, however, the change in the 
blood volume involves both fractions. From the 
work of Bolton (22), it would appear that the 
earlier change is in the plasma volume. It might 
be supposed that anoxemia does not become a fac- 
tor until stagnation and pulmonary congestion 
produce it, and in the train of anoxemia, increased 
hematopoietic activity ensues. 

There is increased hematopoietic activity in con- 
gestive heart failure: Weil in 1901 (23) and 
Fromherz in 1903 (24) noted virtual replacement 
of the yellow marrow by red in polycythemic con- 
genital cardiac patients. Waller and Blumgart 
(25) showed a definite reticulocytosis, diminished 
excretion of urobilin, and increased red cell mass 
before congestive heart failure becomes advanced. 
With onset of clinical improvement, when reduc- 
tion of the total blood volume ensues, the red cells 
undergo hemolysis (due in part to the observed 
increased fragility), the level of bilirubin in the 
blood rises, the excretion of urobilinogen increases, 
and the reticulocyte percentage becomes smaller. 

From these findings and the data reported 


above, it appears that the cellular portion of the 
blood responds to the observed anoxemia in heart 
failure according to the degree in which it is pres- 
ent, due to increase or decrease in hematopoietic 
activity and changes in blood destruction as the 
patient becomes more or less anoxemic. More sat- 
isfactory formulation of the degree of anoxemia 
than the “capillary unsaturation” should show a 
closer relation, for it is well recognized that it is 
the oxygen tension, not the concentration, which is 
of primary importance. 

Nothing in the data accumulated bears a simple 
relation to the plasma volume. It does not cor- 
relate with circulation time, anoxemia, plasma car- 
bon dioxide combining power, nor plasma pro- 
teins. It is more labile than the cell volume as 
evidenced by the four repeated studies, a phenome- 
non observed by Gibson and Evans (1) who noted 
the more rapid decline of the plasma volume with 
clinical improvement, but also a subsequent cell 
volume decline. 

The negative correlation observed between the 
venous pressure and the cell volume within this 
group of patients is difficult to understand. Sur- 
vey of a group of patients such as Gibson’s (1) 
shows general rise of the blood volume and its 
fractions with rising venous pressures. Despite 
the statistical indication of probable significance, 
it is most likely an artificial result of selection of 
these patients, who all had elevated venous pres- 
sures ; for in other factors studied, a better distri- 
bution over the range from normal to marked ab- 
normality was obtained. Conceivable, however, is 
the hypothesis that if the elevation of venous pres- 
sure is compensatory, then in those who respond 
less well, more anoxemia occurs and hence greater 
hematopoietic stimulation. In the interpretation 
of these results, it is important to remember that 
these correlations were derived from a very limitc 
series of patients, suffering from severe congestive 
heart failure. It would appear that the control o 
the plasma volume in severe congested cardiacs is 
mediated by mechanisms not studied in this group 
of patients. 

The role of the blood volume in the complete 
picture of congestive heart failure remains obscure. 
From the knowm response of the cell volume an( 
the hematopoietic system as a whole to ano.xe 
mia, and from the observed parallelism of incrcas 
ing cell volume with increasing grades of anoxc 
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mia, the contribution of tlic cell volume to the 
increased blood volume of congestive heart failure 
is comprehensible. It appears likely, however, 
that the changes in the plasma volume are pri- 
mar>- to the changes in cell volume, because the 
plasma volume is more labile, because heart failure 
is at least moderately advanced before anoxemia 
of any significant degree obtains, and because rise 
of the plasma volume occurs first in experimental 
congestion. The data obtained and the analyses 
made do not shed light upon the question of 
whether the increased blood volume is the result 
of the increase in venous pressure or the cause 
of it. 

Failure of the venous pressure to correlate with 
the circulation time is at variance with the general 
experience that as heart failure advances, the circu- 
lation time and the venous pressure both increase. 
Two factors appear to contribute to the observa- 
tions made here: first, the selection only of se- 
verely congested cardiacs, and second, the impos- 
sibility of evaluation of right versus left heart 
failure from the data obtained. 

ilost interesting is tlie relation behveen the cir- 
culation time and the transverse diameter of the 
heart. First mention of this relation appears in 
the French literature in the work of David and 
Bouvrain (26). Since there are only nine cases 
observed in this study, it is not advisable to specu- 
late upon this relationship until further study adds 
a larger amount of data. 

The plasma protein values found agree with the 
generally accepted view that in heart failure, the 
proteins are lower than normal, but not lowered 
to a degree sufficient to produce edema. Inter- 
pretation of the significance of plasma proteins in 
heart failure should only be made in the light of 
the state of fluid balance of the patient, according 
to Stewart (27), and as these patients were not 
followed in this regard, no comment should be 
made upon the proteins. 

SUMMARY AND CONCLUSIONS 

1. In fifteen patients with severe congestive 
heart failure, the blood volume, arterial and venous 
blood pressure, arm to tongue circulation time, 
vital capacity, arterial and venous oxygen and 
carbon dioxide content and ox3-gen combining 
.power, volume of packed red cells, plasma carbon 


dioxide combining power, and plasma total pro- 
teins were measured and are reported. 

2. The blood volume was increased in all cases, 
and in most, the increase was substantial. 

3. There was great variability in the increase 
and in the degree to which the plasma and the 
cells contributed to the increase, and no statisti- 
cally significant difference was observed behveen 
the increase in cell and plasma volume. 

4. There was no simple correlation between the 
total blood volume and the other measurements 
made, nor between the venous pressure and the 
circulation time. 

5. A negative correlation of moderate signifi- 
cance was foimd between the venous pressure and 
the plasma volume. 

6. The logarithm of the circulation time bore a 
linear relation to the ratio between the transverse 
diameter of the heart and the internal diameter 
of the chest in eight cases where roentgenograms 
of the chest were taken. 

7. The venous hematocrit and hemoglobin gave 
little indication of the actual volume of circulating 
cells. 

8. There was a highly significant correlation be- 
tween the degree of anoxemia measured by Lunds- 
gaard’s “capillary unsaturation” and the increase 
in cell volume. 

9. In three patients who improved, all measure- 
ments tended towards normal, the plasma volume 
decreasing more than the cell volume. In the pa- 
tient who grew worse, the reverse was the case. 
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TABLE I 


Basal metabolic rate and daily thyroid dosage 


Case 


Average BMR while taking oral thyroid daily* 
* Dosage, grains per day 



ot 

0.25 

0.50 

0.75 

1.00 

1.25 

1.50 

1.75 

2.00 

2.25 

2.50 

2.75 

3.00 

1 

-35 


-23, 


— 21{abll 


+ I 1 


-lOsiS 





2 

1 "41 




-4, 


— 59dz2 


+46 ±6 





3 

— 34 



-24, 

-10, 


— 162o±6 


+4, 

-57rb4 

-S 3 



4 

— 30 








-Il9±3 


+ I 4 



5 

-38 




-43 




-42 




-3, 

6 

-38 








— 4io±7 




— IluiS 

7 

-42 1 


-33i 

-27, 

-25, 




-15, 




-9, 

8 

-31 1 




-111 




+ 14, 





9 

-30 

! 







-32 




+13, 

10 

-34 




— SrrtS 




+8, 





11 





-162 


-12, 


-S 2 





12 

-31 

1 

-162 


+5, 









13f 

(-22)§ 

-lu 


1 










14 

(-18)§ 




+ 79±5 









IS 

(-26)§ 

-24i 

1 


"63 









16 

-31 ; 


1 






-13, 


! 

1 


17 

-43 1 








i - 2 O 2 





18 

-39 







1 

f -9, 

1 




19 

-27 






I+II 4 







20 

-24 j 








-43 





21 

1 





1 

1 

1 


-9, 




1 

22 









-32 





23 

-38 




-19, 


-26, 






-206±5 

24 

-41 




-152 









25 

-34 




-142 


-11, 







26 

-48 




-24, 


-14, 


-11, 





27 

-19 








-111 





28 

-28 








— 43±4 


-3i 


+2j 


* Large figures represent average BMR's; small figures represent number of individual BMR determinations, 
t Minimum BMR. 

X BMR on 0.125 grains of thyroid daily was — 15 per cent. 

§ Lowest BMR following total thyroidectomy; true myxedema not allowed to develop. 


were available, and since it was felt that a minimum figure 
would be less misleading than an average one. 

GENERAL RESULTS 

The averages of Table I, calculated in the man- 
ner which has just been described, indicate at once 
two general facts. (1) The dose necessary to re- 
store the BMR to normal varied from one to three 
grains of thyroid daily. In a few patients, one 
grain daily sufficed; the majority required about 
one and one-half or two grains, while some at 
times required as much as three grains daily. In 
no subject, with the possible exception of case 23, 
was there any indication that more than three 
grains daily were necessary. Patients requiring 
only one or one and a half grains daily usually be- 
came nervous and ill if given more (case 10, for 
example). The requirements for thyroid were apt 
to be somewhat greater in heavy than in slight sub- 
jects. but this correlation was vcr\’ irregular. (2) 


There is no evidence of any failure of response 
to thyroid. In every instance, the BMR during 
thyroid medication remained consistently greater 
than the BMR while no medication was being 
given. 

QUANTITATIVE RELATIONSHIPS 

In all cases, there was a positive correlation be- 
tween the height of the BMR and the current dose 
of thyroid. On a statistical basis, this is apparent 
in Figure 1, in which all values of Tabic I _nre 
represented by points. The distribution of points 
is similar to that observed by Means and Lernian 
in their study of myxedema (2). The plot of F’ff 
ure 1 is, however, misleading, in that it suggc-st.s 
that the first increments of thyroid substance arc 
much more effectiv'e in raising the BMR than arc 
subsequent increments. This conclusion is no 
warranted, since all patients were not tried out on 
all levels of dosage. As a rule, each patient 
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given just cnougli th3Toid to bring the BMR back 
to normal. This might vary from one to three 
grains daily, and might var}’ from time to time in 
the same patient. Patients requiring only one 
grain daily to restore their BMR to normal were 
never given two or three grains daily, while, on 
the other hand, only those patients requiring the 
full three grains daily to restore the BMR to nor- 
mal are included in the three grain column. Had 
all patients been given three grains daily, it seems 

BMR 



0 12 3 

Oral Thyroid Grains per Day 

Fig. 1. Statistical Relatiokship Between BMR 
and Dosage or Thyp.oid in the Twenty-Eight 
Cases or Table I 

The heavj’ line connects the average %-aIues for the 
BMR at each level of thyroid dosage. 

I most probable, on the basis of acute experiments, 

J that a number of supranormal values would have 

been found in the three grain column, wnth a corre- 
sponding increase in the average BMR. The ap- 
parent evidence for “diminishing return” from 
thyroid medication has, therefore, little validity, 
since it may onty represent the artificial condi- 
tions under which these averages were obtained. 

In principle, a more satisfactory approach to 
this matter might be made by following the BIvIR 
in the same individual at different levels of dosage. 
There is evidently a distinct linearity in many 
cases, such as 1, 2, 8, 9, 10, and 11, while in sev- 
eral others, such as 3, 4, 5, and 6, the curv'e un- 
' mistakably flattens out as higher levels are reached. 

If we confine our attention to the effects of daily 
dosages of one and of two grains, respectively, in 


the same individual, the vanabihty is equally evi- 
dent. Of the eight subjects so studied, four 
showed as much increment of BMR from the sec- 
ond grain as from the first, while four showed a 
smaller increment from the second grain. 

Here too, however, the manner in which the 
th}Toid was administered must be considered be- 
fore the results can be interpreted. In all cases 
with flattening of the cuiwe at higher levels of 
dosage, the patients were not tested impartiallv^ 
at various levels of dosage. Instead, the dose was 
usually increased or decreased in order to keep the 
level of the BMR constant. For example, in cases 
4 and 6, followed for manj' j-ears, it was customary 
to raise the dose to three grains daily whenever the 
BMR fell a little or the patient gained a little 
weight, and to reduce it again to two grains daily 
whenever the BMR rose a bit or the patient be- 
came nervous. Indeed, in case 6, the policy of 
raising the dose to three grains whenever the 
BMR tended spontaneously to be lower resulted 
in a lower average BMR while on three than while 
on two grains dailj-l The general result was, of 
course, to keep the BMR about the same regard- 
less of dose. Attempts were made in several in- 
stances deliberately to raise the thyroid dosage 
above the amount required to restore the B!MR to 
normal, but usually the patients refused to con- 
tinue the increased dosage for an}’ length of time, 
because of nervousness, tachycardia, or weight 
loss. In case 1, for example, thyroid dosage was 
experimentally varied beriveen one and rivo grains 
daity, regardless of the previous BMR or the pa- 
tient’s condition. Omitting the elevated value on 
one and a half grains daity, which was based on 
one BMR determination only, the line between the. 
levels at zero, one, and two grains is entirety 
straight. 

VARIABILITY OF THE BMR IN THE SAME SUBJECT 

It has already been pointed out that the same 
patient may require more or less thyroid at differ- 
ent times in order to maintain the same level of 
the BMR. This means that the BilR in the mj-x- 
edematous, and supposedly thyroidless, indiHdual 
may vary' spontaneously from time to time. Pa- 
tients differ with respect to the d^ree of variabil- 
ity' of the BMR. Thus, in case 23, the BMR on 
three grains daity varied between — 9 per cent and 
— 29 per cent, and in case 3, the BMR on one and 
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a half grains daily was at one time as low as — 28 
per cent and at another as high as + 2 per cent. 
This is a wide range of variability; in most sub- 
jects, the fluctuations were somewhat less extreme. 
Often, however, the variation exceeded that to be 
expected from the technical uncertainties of BMR 
determination. 

ABSENCE OF TOLERANCE TO THYROID EXTRACT 

The variations which have just been described 
seemed to be cyclical rather than progressive, and 
in the same patient, the BMR on a given dose 
might fluctuate over a period of years without any 
long term trend. No tendency toward “tolerance” 
to larger and larger doses of dried thyroid, such as 
has occasionally been observed in non-myxedemat- 
ous subjects, could be detected. This is clearly 
brought out in Table II. The dose of thyroid 


TABLE II 

Absence of tolerance to oral thyroid in patients with 
myxedema, followed for a number of years 


Case 

Years 

followed 

Dally dose of thyroid 
necessary to maintain normal BMR 

When first 
seen 

When last 
seen 

1 

19 

3 

2 to 3 

2 

14 

3 

2 to 2.5 

3 

8 

1.5 to 2 

2.5 

4 

6 

3 

3 

5 

5 

1 

2 

6 

6 

2 

2 

7 

5 

2 

2 

8 1 

4 

1 

1.5 


necessary to maintain a normal BMR did not 
change significantly in any of these patients over 
periods ranging from four to nineteen years. 

COMPARISON OF THE EFFECTS OF ORAL THYROID 
AND INTRAVENOUS THYROXINE 

Data bearing on this point are available in two 
cases. In one case, 0.2 mgm. of thyroxine daily 
for three months restored the BMR to — 14 per 
cent, a level which could subsequently be main- 
tained with one grain of dried thyroid daily. In 
the other case, 0.6 mgm. of thyroxine daily for 
six weeks restored the BMR to -{- 1 per cent, a 
level which at that time could be maintained with 
a daily dose of three grains of oral dried thyroid 
daily. 


DISCUSSION 

The myxedematous subject certainly does not 
react to thyroid medication with the niathemafical 
predictability of a machine. Some individuals 
require a larger dose than others, both absolutely 
and in proportion to their body weight. Factors 
other than thyroid medication obviously affect 
the BMR, since this may vary from time to time 
without change in the dose of thyroid. Neverthe- 
less, beyond rather narrow limits the my.xede- 
matous patient appears to be at the mercy of his 
thyroid medication. If this is lowered below a 
certain point, he will always develop evidences of 
deficiency; if it is raised above a certain point, 
he will develop signs of toxicity. The intermediate 
range of dosage is not great, the leeway being not 
more than a grain or so daily. He apparently 
never deveilops a tolerance to dried thyroid, and 
never requires more than about three grains a 
day for full maintenance. 

CONCLUSIONS 

{!) Myxedematous patients do not develop any 
tolerance to dried thyroid, even after years of 
medication. 

(2) In myxedema, the dose of dried thyroid 
necessary to restore the basal metabolic rate to 
normal regularly lies between one and three grains 
daily. It may, however, vary somewhat in the 
same individual from time to time. 

(J) The relationship between BMR and the 
dose of dried thyroid tends to be linear, at least 
while the BMR is subnormal. 

(4) The quantitative response of the myxede- 
matous subject to dried thyroid is specific and 
reproducible. The diagnosis of myxedema maj 
properly be questioned if this characteristic re- 
sponse cannot be demonstrated. 
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The failure of certain non-myxedematous sub- 
jects to respond to large doses of oral dried 
thyroid has been previously noted (1). The lack 
of responsiveness contrasts sharply •with tlie sensi- 
tirity to dried thyroid invariably evinced by pa- 
tients with true in}'xedema (1, 2). In this paper, 
the responses of various non-mj’xedematous sub- 
jects to thyroid medication are described. In cer- 
tain of these individuals, the response to intra- 
venous tliyroxine -was compared with that to oral 
thyroid substance. 

MATERIALS AND METHODS 

The mode of attack paralleled that previously em- 
ployed in the study of mj’xedematous patients (1). Over 
a period of months or years, the basal metabolic rate 
(hereafter referred to as the “BMR”) of each patient was 
determined at intervals. Oral dried thyroid in various 
dosages, or courses of intravenous ths-roxine, were given 
from time to time during the period of study. The re- 
sponse of the patient to each procedure could thus be 
evaluated against the background of his entire course. 
Difficulties in interpretation arising from shifts in the 
level of the BMR, from changing responses to the same 
dose of thyroid and from single aberrant determinations. 


were in this way minimized. No subjects who did not 
take the same dose of dried thyroid for at least two 
months were included. Special care was taken to elim- 
inate all patients thought to be unreliable in taking their 
medication. All subjects with a clinical picture sug- 
gesting the presence of mj-xedema were excluded. 
About thirtj’-six subjects in all were selected, from a 
much larger group of patients studied, for inclusion in 
this report; five of the patients v/ere studied in great 
detail. Six patients received one or more courses of 
intravenous thyroxine (Squibb), injections being given 
every three or four da 3 's. The dry thj'roxine was dis- 
solved in dilute sodium hj-droxide a few minutes before 
injection. The method for the determination of serum 
iodine was that of Riggs and Ifan (3). 

RESULTS 

{A) Lack of effect on the BMR of long continued 
administration of dried thyroid 

(1) Subjects taking five or more grains of thyroid 
extract daily without elevation of the BMR 
(A44014, A13481, 85533) 

In Figures 1, 2, and 3 are presented graphically 
the courses of three patients who repeatedly ex- 
hibited an ability to tolerate doses of thyroid of 
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Fig. 1. Non-Myxedematous Subject ■with Persistently Low Basal Metabolic Rates, Even When Takinc 
Five or More Grains or Thyroid by Mouth Daily 
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Fig. 2. Non-Myxedematous Subject with Persistently Low Basal Metabolic Rates, Even 
When Taking Five or More Grains of Thyroid by Mouth Daily 
Note response to intravenous thyroxine in iodoequivalent amounts. 



Fig. 3. Non-Myxedematous Subject with Persistently Low Basal Metabolic Rates, 
Even When Taking Fire or More Grains of Thyroid by Mouth Daily 
Note response to intravenous thyroxine in iodoequivalent amounts. 



five or more grains without any persistent increase 
of the BMR or of the pulse rate. It cannot be 
said, however, that the thyroid extract was totally 
without effect in these subjects. For example, 
case A44014 (Figure 1) received thyroid medica- 
tion for eight years, with only three brief inter- 
ludes, in doses ranging between three and seven 
grains daily. There seems to have been a gradual 


trend toward a lower level of metabolism as the 
years have gone by. Although on one occasion 
she managed to tolerate seven grains of thyroid 
daily without subjective disturbance and with a 
BMR of —21 per cent, at other times the ad- 
ministration of five grains daily sufficed to main- 
tain the BMR at normal levels. Furthermore, the 
BMR of this patient always dropped below it.-- 
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current level with each interruption of thyroid 
medication, thougli it later tended to rise spon- 
taneously again. There was also a very rapid 
weight gain whenever thyroid medication was in- 
terrupted, together with a subjective sensation of 
weakness. The weight gain and the subjective 
weakness appeared within two or three days after 
the thyroid was stopped, so that they could hardly 
have been due to complete exhaustion of thyroid 
effect. Serum iodine concentration was also af- 
fected by thyroid dosage (see Table IV, below). 
Patient A13481 (Figure 2) exhibited perhaps the 
most complete indifference to thyroid medication, 
since the BMR did not rise with as much as six 
grains daily, and did not fall even when thyroid 
medication was stopped. Pulse rate was similarly 
unaffected. There were, how'ever, Uvo instances, 
one in 1938 and the other in 1941, when the BMR 
did increase temporarily when the thyroid dosage 
was increased. 'Also, there was a marked weight 
gain whenever thyroid was stopped, indicating that 
it was not wholly mthout metabolic effect. Pa- 
tient 85533 (Figure 3) was similarly unaffected 
by a dose of five grains daily, save for a slight 
tendency to gain weight whenever dried thyroid 
was discontinued. 

In contrast to this indifference to oral thyroid, 
cases A13481 and 85533 reacted markedly to in- 
travenous thyroxine (A44014 never had a trial of 
thyroxine). BMR and pulse rose, weight fell. 


and neiA'ousness and tachycardia developed. The 
quantitative aspects of this response to thyroxine 
will be considered below (see Table III). 

(2) Subjects without response of the BMR to a 
daily dosage of three or four grains, but 
with response to five or six grains of 
dried thyroid daily (16186, A29887) 

Patient 16186, whose course is presented in 
Figure 4, had a BMR of about — 20 per cent 
whenever she received no thyroid. On three 
grains daily, there was no consistent change; on 
four grains daily, the BMR was sometimes but not 
always a little elevated ; while on five grains, the 
BMR regularly rose to the average normal level. 
This increase was accompanied by a slight rise in 
the pulse rate, but there was no real tendency to- 
ward weight loss. Iodine concentration in serum 
also responded to changes in thyroid medication 
(see Table IV). 

The response of patient A29887 was quite simi- 
lar to that of 16186. The reaction of the BMR 
during the eight months of administration of three 
grains daily is especially interesting, in that an 
initial elevation of the BMR to -f- 20 per cent was 
succeeded by a fall almost to the initial level, in 
spite of the continued administration of dried 
thyroid. A daily dose of four grains was also 
without much effect, but six grains daily pro- 
duced an elevation of the BMR to 25 per cent. 
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Fig. 4. Rise of the BMR with Five but Not with Three Graixs of Dried TnyRoiD Daily- 
Posutv-e Response to Intravenous Thyroxine in Iodoequivalent Amounts 
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TABLE X 


Patients, other than those of Figures 1 to 5, failing to exhibit any consistent elevation of the BMR 

after taking thyroid extract for several months 


Num- 

ber 

Age 

1 Diagnosis 

i 

Dose of 
thyroid, 

Dura- 

tion 

Initial 

BMR 

Final 

BMR 

1 

years 

60 

Arteriosclerosis, hypometabolism 

grains 
per day 

1, 2, 3, 4 

months 

5 

per cent 
normal 
-18 

per cent 
normal 
-18 

2 

16 

Obesity, hypometabolism 

2, 3, 4 

30 

-15 

-23, -6 

3 

55 

Arteriosclerosis, hypometabolism 

2, 5, 3, 4 

7 

-31f 

-33’ 

4 

48 

Neurosis, hypometabolism 

1,2 ' 1 

6 

-20' 

-14 

5 

12 

Alopecia areata 

2, 3 

48 

-14 

-8 

6 

55 

Arteriosclerosis, hypometabolism 

1, 2, 3 

5 

-29 

-20 

7 

39 

Hypometabolism 

2, 5 

5 

-20 

-15 

8 

27 

Syphilis, hypometabolism 

1, 2 

9 

-25 

-23, -IS 

9 

16 

Obesity 

1, 2 

5 

-16 

-12' 

10 

35 

Hirsutism, obesity 

1, 2 

4 

-11 

-6 

11 

20 

Infantilism, mild 

1, 2 

96 

-16 

-11 

12 

32 

Obesity, neuralgia 

! 1. 1.5 

6 

-19 

-18 

13 

28 

Diabetes, obesity 

1 

5 

-12 

-19 

14 

53 

Simple goiter, hypometabolism 

1 

40 

-24, -1 

-14 

15 

43 

Anemia, hypometabolism 

1 

17 

-18 

-17 

16 

37 

Simple goiter, hypometabolism 

0.5, 1 

18 

-25 

-22 

17 

60 

Simple goiter, subtotal thyroidectomy, hypertension 

1 

8 

-19 

-17 

18 

42 

Simple goiter, subtotal thyroidectomy 

I 

17 

-12 

-19 

19 

35 

Obesity 

0.5, 1 

8 

-4 

-18 


* All but number 19 were females. f —6 per cent two years later. 


which was sustained for the two-month period 
during which this large dosage was continued. 
There was a concomitant elevation of the pulse 
rate, weight loss, and slight nervousness. Sub- 
jective disturbance was, however, slight. Unlike 
the other four patients showing adaptation to large 
doses, this patient had initially a normal BMR. 

Both of the patients in this group reacted with 
an elevation of the BMR, and an increased pulse 
rate to intravenous thyroxine. Their response to 
this medication will be considered in detail below 
(see Table III). 

(S) Adaptation to four grains or less of oral 
thyroid daily 

In Table I are summarized the diagnoses and 
metabolic data concerning nineteen other subjects 
failing to exhibit any consistent elevation of the 
BMR after taking dried thyroid for several 
months. Necessarily, such a compact summary 
omits much pertinent detail. In many cases, it 
was difficult to assign a definite value to the con- 
trol BMR, since the BMR on no thyroid medica- 
tion varied considerabW from time to time. The 
BMR values in the table are frequently averages 
of two or more determinations. Nevertheless, it 
is obvious that the BMR in these patients failed 
to exhibit much change, even though oral thyroid 


extract had been given for weeks or months. In 
several of these subjects, there was a transitory 
elevation of the BMR after three or four weeks 
of thyroid medication, with a subsequent decline 
to initial levels. Occasionally, the BMR actually 
decreased. 

This was not an unselected group of cases. In 
most of them, dried thyroid extract was given for 
its possible therapeutic effect on hypometabolism, 
on obesity, or on both. Since attempts to raise 
the dose of thyroid above one grain daily were 
only .successful in those patients who did not re- 
act unfavorably, this list automatically excludes 
many of those who did not tolerate it well. Sub- 
jective reaction and metabolic response were not 
invariably linked. For example, case 19 devel- 
oped palpitation and perspired intensely whenever 
the dose of thyroid was increased above one gram 
daily, yet the BMR on one grain was actually 
lower than the initial BMR. 

All but one of the patients were females. This 
may be in part a reflection of the economic situa- 
tion of the group studied, since the women, more 
readily than the men, could afford to spend regu 
larly a portion of the w'orking day waiting in the 
office or dispensary' and having the repeated B^>IR 
determinations required by' this study’. There was 
but one patient who did not at one time or another 
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TABLE n 


Palienls shoving no lokrance of the BMR lo prolonged adminislralion of oral thyroid extract * 


Num- 

ber 

Ase 

Dbgnwts 

D05C of 
thjToid, 

Dura- 

tion 

Initial 

BMR 

Final 

BMR 


years 


trains 

months 

per cent 





per day 


r.crmcl 


1 

60 

•Arteriosclerosis, hypometabolism 

1, 2,3 

7 

-24 

-9 

2 

54 

Simple goiter 

0.5 to 2.5 

10 

-10 

+9 

3 

41 

Hypometabolism 

1.5, 2 

6 

-18 

-3 

4 

35 

Hypometabolism 

2 

5 

-12 


5 

52 

Hypometabolism 

2 

2 

-23 


6 

24 

Obwity, headaches 

1,2 

9 

-15 



33 

Obesity, hypometabolism 

1,2 

8 

-22 


8 

42 

Obesity, goiter 

1, 1.5 

5 

-6 


9 

22 

Sterility, hypometabolism 

1.5 

4 

-22 


10 

50 

Obesity, hypometabolism 

1 

60 

-25 

-10 

11 

36 

Hypometabolism 

1 

24 

-34 

-20 

12 

21 

Amyloidosis, tubercular enteritis 

2,3 

12 

-22 

—5 


* All but number 12 were females. 


have a BMR below — 10 per cent ; as has been 
mentioned, this was often the initial justification 
for instituting thjToid medication. Various symp- 
toms led the physician to determine the BMR in 
the first place. Most commonly these were 
obesit}’, coolness, dryness of the skin, alopecia, 
somnolence, and menorrhagia. Although some of 
these symptoms are similar to those found in true 
mj-xedema, all cases in which, in retrospect, there 
is any real possibility of the presence of this dis- 
ease have been excluded. It cannot be asserted 
that any syndrome consisting of some of these 


s 3 Tnptoms and a low BMR can be at all sharpty 
defined, yet it was our impression that many of 
these patients clira’cally had a good deal in com- 
mon. Thj-roid medication was without much 
benefidal subjective or objective effect in the ma- 
jority of these subjects. A few found that thjToid 
medication made it easier to prevent a gain in 
weight, and continued to use it for this purpose. 
Certain indidduals did feel more energetic while 
receiving thjToid; this was not necessarily cor- 
related •nnth any change in the BMR. Usualty, 
the patients took thyroid for a period of a few 
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Fig. S. Rise of the BJ.tR with Six but Not i^tth Fouf. Gpjuxs of Deied Thyeoid Daily- 
PosrnvE Respon-se to Ixteavexous THraoxiL-E ix Iodoequitalex-t Amounts 
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TABLE III 


Quantitative effects of intravenous thyroxine in various dosages 


Case 

number 

Dose 

Weeks 

thyroxine 

was 

Average 

initial 

BMR 

BMRs while 
on thyroxine* 

Average 
increase 
of BMR on 

Effect of oral thyroid medication 



given 


thyroxine 



mgm, 
per day 


fer cent 

per cent 

per cent 


A13481 


5 

-IS 

-3, +1, -5 

13 

No response to 6 grains daily 



3 


-1-7, +11 

24 


0.29 

3 


-18, -11 

0 



0.29 

3 


-9, -19 

1 



0.43 

5 


+1, +4, -9, -5 

7 


85S33 

0.67 

2 

-19 

-2 

17 

No response to 5 grains daily 


1.00 

3 


+9, +10 

29 


0.28 

5 1 


-26, -13 

0 



0.43 

5 


—5, —5, —2, +2 


i 

16186 

1.00 

5 

-23 

+3, +6, +8 

29 

No response to 3 but rise on 5 grains 


0.64 

4 


-7, -2 

18 

daily 

A29887 

0.60 

3 

-4 

+19, +17. +16 

21 

Adaptation to 4 but sustained rise on 6 







grains daily 

Table I, 4 

0.53 

2 

-20 

-18 

2 

No response to 3 grains daily 


0.80 

3 


+4, —2 

21 

Table II, 5 

0.33 

6 

-22 

-21, -21, -IS, 

4 

No response to 2 grains daily 



1 


-6, - IS 



* After two weeks or more. 


months, and then stopped it on their own initia- 
tive because it did them little good. On the other 
hand, no positive deleterious effects were demon- 
strated. In general, the appearance and reactions 
of the patients remained unaffected either by the 
commencement or the cessation of thyroid medi- 
cation. In this respect, the patients of this group 
differ sharply from patients with true myxedema, 
who regularly show both subjective and objective 
improvement even on small doses of thyroid. 

(B) Persistent elevation of the BMR joUoiving 
long continued administration of dried 
thyroid 

In the course of this study, a considerable num- 
ber of subjects were encountered who failed to 
exhibit any adjustment to prolonged administra- 
tion of dried thyroid. Occasionally, these patients 
turned out to have mild myxedema, but in many 
instances, they derived no subjective or objective 
benefit from thyroid medication, nor did they have 
any other stigmata of thyroid deficiency. In 
Table II are summarized the protocols of twelve 
patients falling into this group. The number of 
patients is smaller than the number listed in Table 
I, mainly because the patients of this second group 


often developed unpleasant subjective reactions, 
such as palpitation, so promptly that they refused 
to continue thyroid medication for any prolonged 
period. Only those willing to continue medication 
for more than two months are included in Table 
II. The predominance of females is notable. The 
types of disorders from which these patients suf- 
fered is also very similar to those of the patients 
in Table I. 

(C) Quantitative comparison of the effects of 
oral thyroid and of intravenous thyroxine 
in six subjects 

The four subjects presented in Figures 2, 3, 4, 
and 5 all received courses of intravenous thyrox- 
ine and all responded to a sufficient dosage with 
an increase of the BMR and of the pulse rate. 
Also, case 4 of Table I and case 5 of Table II rc 
ceived thyroxine. The responses of these six sub 
jects to the different courses of thyroxine, to 
gether with a resume of their responses to oral 
thyroid, are presented in Table III. In Figure , 
the average increase in the BMR is plotted graphi 
cally against the daily dose of thyroxine in each 
subject. The usual re.sponse of subjects with true 
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mjTccdema to th 3 Toxinc (2), indicated by the 
dotted line, is included for comparison. 

This figure indicates that in the non-m 3 ’x- 
edematous subjects, more than 0.3 mgm. of thy- 
roxine per da}' was necessarj' to raise the BMR, 
and that 1.0 mgm. of thyro.xine daily was neces- 
sarj' to increase the BMR by 25 or 30 per 
cent. This is about the effect produced in the 
mj-xedematous subject by 0.2 or 0.3 mgm, of thy- 
roxine dail}', so that evidentl}- all these non-m 3 oc- 
edematous subjects were only about one-third as 
responsive to thyroxine as were those with myxe- 
dema. One milligram of thyro.xine contains about 
tlie same total amount of iodine as 4.5 or 5.0 
grains of dried thyroid (although only about 0.3 
of the iodine in the latter is thyroxine iodine). In 
total iodoequivalent amounts, therefore, thyroxine 
was much more effective than oral thyroid in four 
(A13481, 85533, 16186, A29887), and somewhat 
more effective in two (Table I, case 4 and Table 
II, case 5), of the subjects tested.^ At the same 

* Non-mpeedematous subjects do not respond even to 
the thyro.xine content alone of their oral medication as 


time, it was much less effective than it would 
have been in a mj'xedematous subject. This is an- 
other point of difference between the reactions of 
these patients and of those with myxedema, since 
the latter respond with the same increase of the 
BMR to oral thyroid and to intravenous thyroxine 
when given in iodoequivalent amounts. 

(£)) Effect of oral thyroid medication on the 
concentration of iodine of serum 

The little information available on the variations 
of tlie serum iodine in these patients is presented 
in Table IV. The serum iodine concentration of 
case 16186, while receiving three grains of thjToid 
daily, was about the same as the concentration 

actively as do those with myxedema. About 0.3 of the 
iodine content of thyroid substance is present as thjToxine 
iodine. Hence, 6 grains of thyroid, containing about 72 
mgm. of total iodine, contains some 22 mgm. of thyroxine 
iodine, and therefore 33 mgm. of thyroxine. This is a 
sufficient daily dose of thyroxine to produce a rise of 20 
per cent or more in any cases of myxedema; yet, in at 
least two of the non-myxedematous subjects, 6 grains of 
oral thyroid daily were without any effect on the BMR. 


CC 

s 

CD 




(intravenously) 


Fig. 6. Response of BMR in Six Non-Myxedematous Subjects to 
Various Doses of Thyroxine 

Each point corresponds to the average BMR after a course of two weeks 
or more of intravenous thyroxine in the dose indicated. There is no response 
unless more than 0.3 milligrams of thyroxine are given dady, and even with 
larger doses, the response is much less than that usually found in myx- 
edematous subjects. 
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TABLE IV 

Serum iodine and thyroid dosage 





1 

Serum iodine 

Case 

Date 

Thyroid 

medication 

BMR 



number 

Total 

Precipitable 






grains per 
day 

ptr cent 
normal 

gam 

ma per cent 

16186 

December 4, 1940 

3 

-10 

4.0* 



April 2, 1941 

0 

-23 

4.8 



December 3, 1941 

6 

-14 

7.4 

5.8 


July 22, 1942 1 

5; stopped i 

+9 i 

5.9 1 

5.9 


July 29, 1942 

0 

-21 

3.4 



August 19, 1942 

0 

-23 

3.0 



October 1, 1942 

0 

-24 

4.8 



November 11, 1942 

0 

-28 

4.8 


A13481 

December 16, 1940 

0 

-15 

3.0* 



December 15, 194i 

6 1 

-8 

3.0 

3.0 

A440I4 

December 23, 1941 i 

5 

-8 

6.4 

5.9 


July 22, 1942 

6; stopped 

-H 

8.1 

7.1 


July 30, 1942 

0 1 

-10 

4.4 

3.0 


August 6, 1942 

0 

-2 

3.3 



August 20, 1942 

0; start 2 

-20 

2.8 



October 2, 1942 

2 1 

-17 

5.5 



November 4, 1942 

2 

-4 

5.5 



December 2, 1942 

4 

-i-8 

5.0 


85533 

December 10, 1940 

0 

-17 

3.2* 



* whole blood iodine divided by 0.6. 


while receiving no thyroid, i.e., four to five gamma 
per cent. On five grains daily, the concentration 
was maintained at six or seven gamma per cent. 
This is correlated with the fact that three grains 
daily did not affect the BMR, while five grains 
daily always produced a distinct rise. When 
thyroid extract was abruptly stopped in July of 
1942, serum iodine promptly fell to subnormal 
levels during the next four weeks, then returned 
spontaneously to a normal level in ten weeks. 
Changes in the BMR during this time only par- 
tially followed those of the serum iodine. Case 
A 13481 exhibited the same rather low concentra- 
tion of serum iodine while taking six grains of 
thyroid daily and while taking no medication; 
this constancy is correlated with the constancy of 
the BMR in this patient in spite of changing 
thyroid dosage. No entirely satisfactory control 
value of the BMR for the serum iodine is avail- 
able in case A44014. On five grains of thyroid 
daily, the serum iodine values, 6.4 and 8.1 gamma 
per cent, were normal or slightly elevated. Cessa- 
tion of thyroid medication was followed by a 
precipitous decline of the serum iodine concentra- 
tion to subnormal levels, as in case 16186. Un- 
fortunately, it is not known whether the iodine 
concentration would have risen again spontane- 
ously, as it did in case 16186, since the patient re- 
sumed thyroid medication. On two grains daily, 
the serum iodine concentration was 5.5 gamma 


per cent, a normal value. Case 85533 had only 
one, rather low, serum iodine determination while 
on no medication. 

DISCUSSION 

There are evidently a good many subjects who 
can tolerate two or three grains of oral thyroid 
daily, and some who can tolerate six or seven 
grains, without effect on the BMR, These pa- 
tients had no other obvious clinical peculiarity in 
common, save possibly a tendency toward an 
initially low BMR. The BMR of myxedematous 
subjects, on the other hand, regularly increases by 
twenty-five or thirty per cent on two or three 
grains of thyroid daily, and shows no tendency to 
decline even after years of thyroid medication (1). 
Some physiological explanation of this difference 
in response is clearly needed. At least three in- 
terpretations appear possible: (a) thyroid sub- 
stance may not be properly absorbed from the 
gastrointestinal tract of these subjects; {h) the 
tissues of these people are or become peculiarly 
insensitive to the usual metabolic stimulation by 
the thyroid hormone; and (c) the hormone is 
wholly or in part destroyed, stored, or inactivated, 
soon after it enters the system. 

Although the first possibility, that of deficient 
absorption, cannot absolutely be eliminated, there 
are weighty arguments against it. These are: 
(j?) the absence of any other defect in absorption 
or any gastrointestinal lesion in these patients, 
(2) the fact that no patient with myxedema, spon- 
taneous or following total thyroidectomy, has been 
found to have any difficulty in responding to oral 
thyroid {i,e. no case relieved by small doses of 
intravenous thyroxine but not by large doses of 
oral thyroid extract), which makes it improbable 
that difficulty in absorbing thyroid extract can be 
at all common; and (3) the fact that this offers 
no explanation of the quantitatively diminishe 
response of these patients to thyroxine. 

There are at least two important objections to 
the second type of explanation, which assumes the 
presence or development of a lorvered tissue re 
activity. In the first place, if this were true, one 
would expect no difference between the effects o 
thyroxine intravenously and those of oral th> rot 
in iodoequivalcnt amounts, they should 
duce no effect at all or the same, but dimimshec , 
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effect. This is, however, not tlie case. Tliyroxine 
regularly produced a response while amounts of 
oral substance containing comparable amounts of 
iodine produced none. Furthermore, one might 
expect the serum iodine levels to be abnormally 
elevated while these insensitive subjects were re- 
cei\-ing large amounts of thyroid by mouth ; such 
is, however, not the case. 

The third line of explanation — that the hormone 
is inacti\’ated ■ after absorption of injection — 
avoids the difficulties inherent in the first two ex- 
planations, and is at least compatible Anth the facts 
as the}' are now known. Under this hypothesis it 
must be assumed that both oral thyroid and in- 
travenously injected thyroxine tend to be inacti- 
vated, but tliat there is an upper limit to the rate 
at which this can be done and the amount that can 
be handled. Therefore, oral thyroid, entering the 
system gradually, would be more readily inacti- 
vated than thyroxine, which is suddenly intro- 
duced directly into the circulation. This would 
explain the fact that thyroxine is more effective 
than oral thyroid in these subjects, and yet is less 
effective than in myxedematous subjects. It also 
could explain the fact that the ability to handle 
thyroid substance is usually not unlimited, and 
that it may vary a good deal from one individual 
to another. It is consistent with the relatively 
low iodine content of the serum in these subjects 
while they are receiving large doses of thyroid. 
Speculation that the agent for this inactivation is 
the thyroid gland itself is naturally suggested by 
the extraordinary avidity of the gland for iodine 
(4). If this were the case we should have an ex- 
planation for the fact that the development of 
tolerance is peculiarly absent in subjects with 
myxedema, since they, presumably, have no func- 
tional thyroid tissue. In these non-myxedematous 
subjects, the drop of the BMR on ^scontinuing 
thyroid medication is often much more rapid than 
that seen in myxedema; this also suggests con- 
tinuing removal of the effective hormone in sub- 
jects possessing a thyroid gland. It is not suffi- 
cient to assume that the normal thyroid gland 

^The terms “inactivate” and “inactivation” are used to 
avoid any imwarranted assumption concerning the par- 
ticular process involved in the inhibition of the usual role 
of the hormone. Since the process can continue for 
months and years, it seems unlikely that storage alone, 
in the thyroid gland or elsewhere, can afford a complete 
explanation of the phenomenon. 


merely suppresses its own output of hormone 
when thyroid is given by mouth, as Farquharson 
and Squires (5) have suggested. Some subjects 
manage to tolerate at least twice the normal re- 
quirements of thyroid hormone, gauged by the 
amount necessar}’ to maintain the thyroidless sub- 
ject. There is, however, evidence from the serum 
iodine figures (Table IV) that some depression 
of function may take place, which does not im- 
mediately disappear when artificial thyroid ad- 
ministration is discontinued. 

This hypothesis necessarily requires much more 
e.xperimental work for its confirmation. A study 
of the serum iodine levels at interv'als after thy- 
ro-xine injection should prove helpful. Many 
things at present are difficult to interpret, such as 
the apparent ability of thyroid medication to keep 
the weight down, even when the BMR is unaf- 
fected. For the present, it is advanced as a tenta- 
tive hypothesis, more consistent with the facts as 
they are now known than are the alternative 
hypotheses, and awaiting further experimental in- 
vestigation to confirm or disprove it. 

CONCLUSIONS 

(1) Certain non-m}’xedematous subjects can 
tolerate as much as six grains of dried thyroid 
daily for long periods, v-ithout effect on the BMR 
or on the pulse rate. Many others can tolerate as 
much as three or four grains daily without effect 
on the BMR. 

(2) These subjects respond to thyroxine in- 
travenously, but require much larger doses than 
do myxedematous subjects to produce a com- 
parable rise in the BMR. 

(J) This faehawor is very different from the 
absence of tolerance and the acute sensitivity to 
thyroid and to thyroxine of the patient -with 
m}xedema. 

(4) It is suggested as a working hypothesis 
that this difference of behawor can best be ex- 
plained by assuming that the non-myxedematous 
subject possesses the ability, wanting in the pa- 
tient with myxedema, to inactivate thyroid sub- 
stance and intravenous thyroxine. 

PROTOCOLS OF CASES 

• ^Slish extraction, bom 

“ ^ fibtofal thyroidectomy for simple goiter 

m 1924. At various times during the next few years, she 
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was given two or three grains of thyroid extract daily 
because of a tendency toward obesity. Cessation of 
thyroid administration for months at a time had no effect 
other than a tendency to gain weight. There were no 
symptoms suggesting myxedema. She was first seen in 
this clinic in 1934, at which time her BMR, while taking 
no dried thyroid, was plus 2 per cent. From 1934 to 
1942, she has been treated in this clinic with oral thyroid 
in doses ranging from three to seven grains daily (Figure 
1). For three brief intervals, thyroid was omitted with- 
out the development of symptoms suggesting myxedema. 
In 1936 to 1937, there was an uneventful normal preg- 
nancy, and in 1940, a skin complaint of unknown nature, 
characterized by subcutaneous tenderness of the arms. 
This later disappeared spontaneously. In 1941, there was 
an attack of acute cholecystitis and in 1942, a gall-bladder 
containing stones was removed surgically without com- 
plications. At present (November, 1942), she feels en- 
tirely well, and takes small amounts of thyroid in order 
to counteract her tendency toward obesity. 

A13481. This woman, born in Italy in 1899, developed 
typical Graves’ disease in 1932, A subtotal thyroidectomy 
in two stages was performed in June, 1932, following 
preliminary treatment with iodine. Pathological exam- 
ination revealed adenomatous hyperplasia of the thyroid 
gland. Recovery was complete, the BMR one year after 
operation being minus 3 per cent. In 1933 to 1934, she 
went through a normal pregnancy. When seen after an 
absence of one year, in September of 1935, the BMR was 
found to be minus IS per cent. There were no subjective 
or objective disturbances except for obesity and occa- 
sional spells of slight vertigo. During the next six years, 
she was treated at intervals with oral thyroid and with 
occasional courses of intravenous thyroxine (Figure 2). 
Her only complaint during this time was moderate obesity. 
Cessation or resumption of thyroid were without sub- 
jective effect in any dose attempted. Pulse rate was also 
unaffected. She always tended to gain weight rather 
rapidly whenever thyroid was omitted. 

8SSJS. This female patient, born in Russia in 1885, was 
found to have pulmonary tuberculosis, involving the right 
upper lobe, in 1929, This has remained fairly quiescent 
ever since, although there have been occasional episodes 
of blood streaked sputum, without fever, weight loss, or 
roentgenological evidence of progression ; at present 
(1942), there is probably some bronchiectasis as well as 
old tuberculous fibrosis. In 1936, the BMR was found to 
be minus 27 per cent. The metabolism test had been 
suggested because of headaches and some dryness of the 
hair. There were no stigmata of my.xedema and the 
scrum cholesterol concentration was normal. She has 
been treated off and on since that time with courses of 
thyroid and of thyroxine (Figure 3). Thyroid seemed 
entirely without effect on the BMR or on tlie pulse rate, 


and produced no subjective benefit. It was therefore 
finally abandoned in 1941, and the patient has since noticed 
no change of any sort. Thyroxine produced marked tachy- 
cardia, rise in the BMR, weight loss, and nervousness. 

This woman, born in Austria in 1887, developed 
a migratory arthritis in 1931, This was apparently an 
acute rheumatism superimposed upon an old chronic 
hypertrophic arthritis. The acute phase disappeared com- 
pletely within a few months, but the back and the knee 
joints have been a little stiff ever since. In 1934, there 
was a sudden detachment of the right retina, which was 
believed to be due to myopia. No vascular disease could 
be detected. In 1936, a BMR, taken because of some 
nervousness and weight loss, was found to be minus 12 
per cent on two occasions. Thyroid, hvo grains daily, 
was given for a brief period without subjective improve- 
ment, and was therefore discontinued. In 1939, the BMR 
was again found to be minus 29 and minus 22 per cent on 
two occasions. There were no stigmata of myxedema; 
thyroid medication was again given in the hope of im- 
proving her general lassitude. This has been continued 
at intervals until the present (Figure 4) ; she thinks that 
she feels a little more energetic while taking thyroid, but 
does not mind doing without it. 

A29882. This young girl, born in 1919, has been fol- 
lowed from 1933 until 1942 because of failure to attain a 
normal stature and because of failure of the menses to 
appear. General physical status has always been ex- 
cellent. BMR while taking no thyroid was minus 2 per 
cent. There were no stigmata of thyroid deficiency. 
Estrogenic and androgenic activities of the urine were 
normal. The height (139 cms.) and the menses have 
been unaffected by courses of antuitrin-S, of thyroid by 
mouth, and of thyroxine (Figure 5). 
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Quantitative chemical determinations of the 
protein concentration and of tlie relative propor- 
tions of albumin and globulin in the urine of a 
series of cases of Bright’s disease showed that 
there was a dose rdationship between high con- 
centrations of globulin on the one hand, and on 
the other, the rate of progress of renal failure and 
the collection wdthin glomeruli and tubules of the 
kidneys of hyaline material which is probably pre- 
dpitated protein (1). Since these analyses were 
made by predpitation of protein and macro- 
Kjddahl determinations of nitrogen, and since it 
is said that such predpitation methods are of 
doubtful value on account of the instability of the 
biocolloids and their sensitivity to chemical agents 
(2), it seemed desirable to compare the results of 
the chemical method with those obtained by the 
moving boimdary electrophoretic method of Ti- 
sdius (2). 

THE MATERIAL EXAMINED 

Twenty-two specimens of urine were analyzed by both 
chemical and electrophoretic methods. Twenty-four-hotir 
spedmens were collected in clean dry bottles. Either 
toluene or thymol was used as preservative. Since it 
has been found that the small change in pH of urines 
collected under these conditions does not appreciably alter 
the fractionation and subsequent Kjeldahl determination 
of nitrogen as previously described (1), no adjustment 
of pH was made. The urine was filtered through coarse 
filter paper before analyses of the protein were begun. 
The concentration of protein in the 22 specimens varied 
from 0.4S0 to 3.450 grams per cent (Kjeldahl determina- 
tions). 

The urine was obtained from 3 cases of progressing 
nephrotic nephritis, 1 lipoid nephrosis, and 1 case of mul- 
tiple myeloma with Bence-Jones proteinuria and renal 
insufficiency (Table I). The kidney disease did not b^in 
in any of the cases as acute hemorrhagic glomerulonephri- 
tis. Renal insufficiency progressed at different rates in 
the 3 cases of nephrotic nephritis. 

* Aided by a grant from the Rockefeller Foundation 
Fluid Research Fund of the School of Medicine of the 
Johns Hopkins University. 


Patient S, after a 2-year period of stationary renal 
function and occasional globulinuria of high concentra- 
tion, during the following year developed frequent globu- 
linuria of high concentration (30 to 40 per cent of the 
total protein), and the urea clearance fell from 38 and 40 

TABLE I 


Total protein in grams per cent, and the relative p)ercentage of 
globulin, in 22 nephritic wines, as measwed by 
Kjeldahl and electropkoretie methods 


Date 

Pa- 

Diagsosb 

Total nptexn 
CCjemH) 

Hdathre petentage 
afgjobnlin 

tieat 

Ejddabl 

Electio- 

pboreiie 




CTCsis per eait 



Korraber 22. 1«1 

s 


0.563 

31 

37 

JAfioatT 8. 19(2 

s 

Espidlypro- 

0.469 

31 

36 

Fihnuiry 7. 1W2 

8 

grtsaing 

0.638 

33 

36 

Febciuuy W. IW2 

s 

neplrotie 

0J75 

40 

36 ■ 

Frixwy 2t,lM2 

B 


0.619 

42 

38 

M«rth 21, 1«2 

8 

0.755 

36 

31 

KoTtsnber 23» IMl 

Q 

Eap5{2;rpro» 

0.955 

35 

39 

DeCTmber 23. im 


gnssmg 

L169 

38 

39 

4, 1912 

« 

cepbrotic 

cspbntls 

0.669 

36 

38 

Jaarzary 3, 1912 

M 

Sowiy pro- 

0381 

21 

24 

Jinnaiy 2t, 1«2 

M 

EreanDg 

0381 

31 

27 

Frfrnsry T. 1912 

M 

cepfarotie 

0.600 

31 

29 . 

Febraair 14,1912 

M 


0.450 

31 

27 

Febraary 21,1912 

M 

0338 

29 

31 

Jsmzary 26. 1912 

A 

lipoid 

3331 

20 

18 

Frfjnuuy 1, 1912 

A 

nevhrosax 

2323 

17 

17 

February 7, 1912 

A 

Norznaire- 

3.450 

22 

19 

Febroary 22,1912 

A 

nslfooetum 

2325 

21 

17 

September 7. 1921 

T 

Moltzple 

znyriozns 

0319 

97 

100 

October 1, 1911 

T 

0353 

100 

100 

October 10. 1911 

T 

utdpro- 

0J44 

9S 

99-h 

Jasoary 9. 1912 

T 

gieaazTg 

mml.ia- 

saSdcacy 

0.475 

92 

93 


to 3 and 3 per cent of normal standard- She died in 
uremia soon afterwards (blood NJA^, 184 mgm. per 
cent). 

The urine of patient Q, during a period of 17 months, 
always contained high concentrations of globulin (30 to 
SO per cent of the total protein, usually). At the be- 
ginning of this period, the urea clearance was 55 and 48 
per cent of normal standard and the blood N.P.N, 30 
mgm. per cent. Before she died in uremia, the N.PJ4. 
reached 176 mgm. per cent. Urea clearance was not 
done. 

^ The renal function of patient M was apparently ^- 
tioiHiy for 2 years and the urine contained high concen- 
trations of globulin on few occasions. During the 
foUowing year, high concentrations of globulin (30 to 33 . 
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per cent of the total, generally) began to appear fairly 
often, and the renal function decreased somewhat (blood 
N.P.N. rose from 44 to 60 mgm. per cent). 

The patient with lipoid nephrosis (Table I, patient A) 
has maintained normal urea clearance and blood N.P.N. 
for over 2 years, and globulin concentrations in the urine 
as high as 30 per cent of the total protein have rarely 
occurred. 

The diagnosis of multiple myeloma (patient T) was 
confirmed by sternal puncture. The patient died with a 
high degree of renal insufficiency about a year after the 
onset of symptoms (blood N.P.N., 156 mgm. per cent 
and urea clearance, 3 and 4 per cent of normal standard 
2 months before death). 

METHODS 

The chemical method. The chemical method which 
was used is a modified Howe analysis. Total protein 
was precipitated by means of trichloroacetic acid; globu- 
lin by a 4.05 molar potassium phosphate mixture (3). 
Nitrogen determinations were made by the macro-Kjel- 
dahl method. The technique employed in precipitation 
of the urinary proteins, determination of nitrogen, cal- 
culation of total protein, albumin, and globulin, and the 
limitations of these methods have already been described 
in detail (1). They need not be repeated here. 

The electrophoretic method. The electrophoretic analy- 
ses were performed by the Longsworth (4) modification 


of the apparatus of Tiselius. Urinary proteins were 
precipitated by saturation with ammonium sulfate, fil- 
tered, redissolved, and dialyzed in running tap water until 
essentially free of ammonia. They were then dialyzed 
against a barbital buffer of ionic strength 0.1 and pH 8,5. 
Under these conditions, the pattern of proteins consists 
of albumin and the usual 3 globulin components (alpha, 
beta, and gamma), plus a component not ordinarily seen 
at a less alkaline pH, which has been denoted as alpha, 
globulin (a,) by Longsworth (5). Since it has been 
found by one of us (6) on fractional salting-out of serum 
that this component (a,) is even more soluble than elec- 
trophoretic “albumin,” we have included it in the present 
urinalyses with the “albumin” fraction, and have con- 
sidered the sum of the usual a, P, and 7 fractions as the 
“true” percentage of globulin. 

The electrophoretic measurements were made of the 
ascending pattern, since irregular refractive effects at 
the descending beta peaks interfered with the measure- 
ments there. 

RESULTS 

The results are shown in Table I. The 2 meth- 
ods gave values for globulin which agreed closely 
in their order of magnitude. Neither method gave 
consistently higher or lower values. In 10 speci- 
mens, a slightly higher result was obtained by the 


TABLE II 

Electrophoretic fractionation of 22 nephritic urines 


Date 

Patient 

Diagnosis 

Total protein 
(Kjeldahl) 

Concentrations (per cent of total) 

Albumin 

Globulins 

Total 

Alpha 

Beta 

Gamms 

Fibrinogen 

November 22, 1941 
January 3, 1942 

February 7, 1942 
February 14, 1942 
February 21, 1942 
March 21, 1942 

s 

s 

s 

s 

s 

s 

Rapidly progress- 
ing nephrotic 
nephritis 

grams per cent 

0.563 

0.469 

0.638 

0.575 

0.619 

0.756 

63.4 

64.4 

64.4 

64.0 

62.5 

69.0 

36.6 

35.6 
35.6 

36.0 
37.5 

31.0 

6.0 

8.9 

7.4 

8.7 
9.2 

4.8 

11.2 

8.9 

10.4 

9.0 

9.2 

10.2 

19.4 

17.8 

17.8 

18.3 

19.1 

16.0 

0 

0 

0 

0 

0 

0 

November 23, 1941 
December 23, 1941 
January 4, 1942 

Q 

Q 

Q 

Rapidly progress- 
ing nephrotic 
nephritis 

0.956 

1.169 

0.669 

61.5 

61.5 

62.3 

38.5 

38.5 

37.7 

4.5 

3.4 

3.9 

12.0 

10.3 

9.4 

22.0 

24.8 

24.4 

0 

0 

0 

January' 3, 1942 

January 24, 1942 
February' 7, 1942 
February 14, 1942 
February 21, 1942 

M 

M 

M 

M 

M 

Slowly progressing 
nephrotic 
nephritis 

0.581 

0.581 

0.600 

0.450 

0.538 

75.8 

72.9 

71.5 

73.5 
69.1 

24.2 

27.1 

28.5 

26.5 
30.9 

8.3 

10.0 

9.1 

8.7 

9.1 

8.7 

9.1 

9.5 

9.1 

11.5 

7.2 

8.0 

9.9 

8.7 

10.3 

0 

0 

0 

0 

0 

January 26, 1942 
February' 1, 1942 
February 7, 1942 
February 22, 1942 

i 

Lipoid nephrosis. 
Normal renal 
function 

3.031 

2.225 

3.450 

2.225 

81.8 

82.7 

80.6 

82.6 

18.2 

17.3 

19.4 

17.4 

4.8 

4.6 

5.6 
3.5 

10.4 

10.8 

10.8 

11.2 

3.0 

1.9 

3.0 

2.7 

0 

0 

0 

0 

September 7, 1941 

October 1, 1941 

October 10, 1941 

January 9, 1942 

T 

T 

T 

T 

Multiple myeloma. 
Progressive renal 
insufficiency 

0.519 

0.563 

0.744 

0.475 

0 

0 

7.3 

i 

0 

0 

0 

0 

98 

100 

99+ 

91.2 

2.0 

0 

1.5 

0 

0 

0 

0 
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renal failure of this type is closely associated with 
the duration and degree of concentration of globu- 
lin in urine which contains total protein in high 
concentration (1). In lipoid nephrosis, and in 
other cases of chronic nephritis during periods of 
stationary renal function, high concentrations of 
globulin were rarely found in the urine. The 
electrophoretic analyses gave similar results, 
higher proportions of globulin being found in the 
more rapidly progressing cases, and low globulin 
concentration in the case of nephrosis with normal 
renal function. 

The electrophoretic analyses showed in addition 
that in the urine of the 2 most rapidly progressing 
cases of renal insufficiency, gamma globulin was 
especially abundant (Table II, patients S and Q). 
The gamma globulin was considerably lower in 
the urine of patient M, and the progress of renal 
insufficiency has been a good deal slower in this 
case. The urine of the patient with lipoid nephro- 
sis, and normal renal function for over 2 years, 
contained low concentration of total globulin by 
both methods of analysis, and by electrophore- 
sis, gamma globulin was very low (patient A). 
Longsworth and Macinnes (7) and Luetscher 

(8) have also found low concentrations of gamma 
globulin in a few specimens of “nephrotic” urine 
which they examined electrophoretically. Inas- 
much as ^ gamma globulin is the fraction most 
easily precipitated by any of the usual protein 
precipitants, it might be expected that the con- 
centration of this protein would be particularly 
concerned in precipitation within the kidney. 

The Bence-Jones protein in the urine of the pa- 
tient with multiple myeloma and renal insufficiency 
(Table II, patient T) behaved electrophoretically 
like a beta globulin. The papers of McFarlane 

(9) , Longsworth, Shedlovsky, and Macinnes 

(10) , Kekwick (11), and Gutman and associates 
(12), show that increased amounts of protein, 
with mobilities like beta or gamma globulins, 
occur in the blood of some cases of multiple 
myeloma. 

The absence of demonstrable amounts of fibrino- 
gen in the urines analyzed electrophoretically is 
especially interesting because the nephritis did not 
begin in any of the cases as acute hemorrhagic 
nephritis. We have already pointed out that in 
cases of this type (progressing nephrotic nephri- 
ti.^;), most of the protein precipitated in the kid- 


ney does not resemble fibrin microscopically; and, 
in the glomeruli, it collects in an intercapillary 
position which is different from the location of the 
■fibrin clots which can be readily identified in 
Bowman's spaces in some cases of acute hemor- 
rhagic nephritis (1). 

SUMMARY 

The relative percentage of globulin in samples 
of a series of 24-hour specimens of nephritic urine 
was determined by a chemical method and by 
the electrophoretic moving boundary method of 
Tiselius. The concentration of total protein in 
the specimens varied from 0.450 to 3.45 grams per 
cent. The results obtained by the 2 methods 
agreed closely. 

In the present small series of electrophoretic de- 
terminations, the concentration of gamma globulin 
in particular was high in urine of patients whose 
renal insufficiency was progressing rapidly, and 
the same fraction was very low in the urine of a 
patient with chronic lipoid nephrosis and normal 
renal function. 

The absence of demonstrable quantities of 
fibrinogen in the urine of the patients with pro- 
gressing nephrotic nephritis tends to confirm our 
previous conclusion that the hyaline materials 
which collect in glomeruli and tubules of these 
cases are probably derived from globulins other 
than fibrinogen. 

The Bence-Jones protein in the urine of a pa- 
tient with multiple myeloma and renal insuffi- 
ciency behaved electrophoretically like a beta 
globulin. 

■We are indebted to Mr. Edward Leszeynski for ^ 
sistance in electrophoretic analyses, and to Dr. Mary 
Buell for helpful advice. 
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